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< Galilée, Plon, 2002.

% Changer de politique, changer la politique, Edititions de I'Aube,
2002.

« Histoires de Terre, Fayard, 2001.

< Les Audaces de la vérité (entretiens avec Laurent Joffrin), Robert
Laffont, 2001.

< Vive 1'école libre!, Fayard, 2000.

< Toute vérité est bonne a dire, Robert Laffont 2000.

< Dieu face 4 la science, Fayard, 1997.

< Questions de France, Fayard, 1996.

< La Défaite de Platon, Fayard, 1995.

& L'Age des saviors, Fallimard, 1993.

< Ecologie des villes, écologie des champs, Fayard 1993.

< Introduction 4 une Histoire naturelle, Fayard 1992.

< De la Pierre a 1'étoile, Fayard, 1992.

% Economiser la planéte, Fayard 1990.

< Douze clés pour la géologie (entretiens avec Emile Noé&l), Belin,
1987.

% Les Fureurs de la Terre, Odile Jacob, 1987.

% L'Ecume de la Terre, Fayard, 1983.

% Introduction & la géochimie (en coll. Avec G. Michard), PUF,

1973.
3%



oAb Sl Sl S e — Abukd) Lagigassued O
.2001 4G ;\.a.:L_ ‘JoDUa J‘J — 1984 a.‘utv :\a.\k —_ )S.d\ _)‘.J <1981

21988 4 daida <1981 I dauda . (3diad Aaala — A0l Linglguall O

1985 (Buhad dnala — i g5 jSaall § ) gial) diilSaa (53l O

1990 Cadl a5 jSwall G Jauhddl 4 Laglgal Jds O

Sl dab (e o — Agda ) B 8RN o e b gdd — dligicil O
1997 43l Zak <1991

D12 — A ad) g A Yl g Ageai i Clallly L gl giad) ladlaaall aaas O
11995 ol

1997 e s — (daa i) (Smabiagaall Ledglaa g Adadiad) jgduall O

2001 ok la = A )l jeduall B ol B O

0 bt g g pudall Ay pad) el cbip) Sl (B ealall G2l O
22002 — (3ad g o g — 3l

— Bhed — Sl o ladget Appge — (sl STl WL O
.2004

=)



dodl aoiw

S s Al Sy ecnl ) e dla D 138 i
al Lad Lo Sl aglall jysean e Ohlse al S Sy Ayl
e lgakiiy Liba celia Cun (o) Cpa) LS 1af agladl pas
W Al gy Ul Conansg can ol ) SLaBY] Culiad g L ) 300
e 8 L S S0 Agene UV Lelh caloai Jay 48 s
ol seanll U8 (e Ahae Aaln S 5 A8 e

1Y (@A) DG i A 4sad Jle i 1S
il ghall Calita g (o panall g (peniall gaiy AN e s LS 4 ddalull
el auly 4 s Gyl 13 8 ulu) Al aull
R e llh Bl a0 aslel 1S5 Coalall 3l (gl
o8 Jomas (OIS Lage ijle Gl J9 Qe 22 ¥ A pe LAl
el e iy e asll Al AR Giey oy cAstE

olal i jaie gaadl Jsliia b g of ) 13 S 138 ke
IS 45 e 31 Y L Sl Gl S 13 LAl ol Lgh Ly
(el g sall o Gl Jsash Jows 0sSs OY pakey Aale 4l
v sasall Sidll



mba.&]\@d]auadsbgb).\d\w)us@uhm 3 @S 1y
coelall el 530 oLl Tl ) agle s lilly L gl gl
Al 4l g oLl (6 Juaiall alal) Gl e el ) calS 1Y

il adall Sa jlaay Apuluy) ClLISY) aal mad Sy
Jio Oty 0l Sl gl ¥ S Gl ) dad clesiu) cupdla
byl s Ayl kel cibimd Sall ey Llgigday o ARl oda
Ty 38l Sally Al (g0 aladl @ palie Cadile 5 Copuale Il
oud aladl Y (S gl Gy e Uaa) g o(lall) Ayl g el geally
Ll 3a s Lele jluiy 3 S dnlu O palie z 4 (uad Db A re
Al g Al Ll 3

Ging peal Jaal (Y Jeagd o dpidll o2 8 i) 2 ek
il el o Tl a3 G casgusle Y ol Gl ey Q)
‘M,ujua_\méj edms Al 48,80 Sall 53 u.unla.“u.aa.i&n
.@h;\}@muu,smuz\m&u}uuw

£ 585 Glamaa 5 yaly seljall slel G2 g0, Gad Kol
JsSs e s dad, ey Lo p )y Aglady Ol
|53 g Jgaadll amy Bed i S8 50 Gl cdigasl (588 Osms 5o
AU Lady ( Jae e SUB G s ool A sabe sl ]
coasaall galge pan ) J ol paill lgelbhy ) g
by yuall el JIKEYT 38 G G0 disas

z

iy
R I



S A byl B g o el Levie
8 gl (IS el il kD an) el Oul (B dpdse lu o
e danad J9 2 AT (K o sl @ sy cad) pad cll jua
o A USy A pually aladl jskaiy pdis 8 aalds ashell JS (o (gf calad
) @l o ey 10l o o casel o @ le caslaalin 4l Al
g ol 58 Jil eanads e oyl gl il 45 dlla ) Sl
Jal G lan o S Aan iy Do LW s coub ladda b
Bl s emll 35K K0 HELY1 (oKD ilge ol pb peal
danall alleciy G280 4nalie DA e Cigymally (Buu] i il
polal daaddll ye iy il Lie cuan AN Aelgd o Msag
i I R EO O\ [ [A E WE TP RGP\ PR
Gl dple e As ) jhu Y paey Coed AV L ge s
o ealaS 18 5_Sall ciile A GOy
Ly ged Apaladl A jmad e dp9ny Lo JSh o 8 s6d S L
iad can sl sl Gl 138 g Gy oy e JS) e el
Gl cilaaly g lagyl s el 4
BT ST L I KT P S
Gl Gy geb SN e AY culadl Uy 3e J$ By il
Goshul pa3d (Alda Alae Aaly cafiaall Jgaad) cpeliall Culud) 3l
9




ol ) s aie g Y Y Gkl A e ST ey el
A gallly Apaad) diseline JS i 135 ad, f 5oal g aseddl
S a3 ge Gt Sl e 5la Y e o olamd 8 el
¢l _atyl c_u_)l R RKIPA W TR DALY W LaLa.xm\}LuS_).a,)uludL}l
.?&L,}sdadl 1 o Geleas @iy g8 s Al i e ciey

Jaloal 3 2l Ll Y il 138 papai) sgmmny 53l 3
Aaale s A pre e JSI 3 cdigy s amelil Jglang g co g8 43S
gl Glas) Jal e pad ly Ju agie pad ady Jld
S ATy coa sy oa Ul @iy Al 3 13gh L AgluY) il
O Cslitgl o 3al ped Jglas ga s Glaudl Lo pem g ¢ lpnil 4l
oole CILESYI s Sill Gl OS Stoals Dl i e CELESY) o
) AVl e s V) gLl 13 Gy oD il alally
sl 4 ani . Sy 138 Gaduy Gl oSy Al ol il L
N Ny SNy N ohl il L lege lile dia
cadl IS5 4y sy (Lialyg Ui g ol5 s

IS PR L R YCOUURL R P CPPL DRER PR DR
oSy Ol g o 2 ety (Sly g8, (Ll
Ll ol rcdid daiil peme IS iy Gy Haviga o L sl
Cub ) Cshall diey laglaal i o oy e pady
s cidlia o oS0 el s L h 8l ol g
oole 4 Jumd (S cAsigall i 5 pman LIS et Lag b lle gy S
GOSN oSl Ll el Llal e oy (Al LIV 5 A gl

(5Nl dgn gl A jadl Aegall (f adag dy can g i) 5 LAl o3 Calgall aaial T
sl 5l el Ll odlld o O Al g ) Glany ) Ralay o)
10



anle (Sly f ome 2l Aillae ol Dgia o s Mkl g Y 5l
Sl Jaadl 13a 28 sac gl il galall 038 ady ed LoliaYly Y SV
Ad aan o) g pdall g galall A Aadld cdie | gl apanll 4 jea Al
S 1sealiady dile Ghgl gy Aiped Ay ASH sl
s f Wl aa dee AT Cl s Al S0 5500 Jiase

gl Il el

R

11



1
g\.d\ C\.‘:.AA CJ\).U\

A0 Al G50 dele ) Al )t fgadie) St s
ek o ke e ABSN Adeall A Ale b gaghs 13 o
Pl (guleall — %y ) S Y (il sl 550 S
(i) of 4l

o lan (OnibaS (il hd (JS 5,0 Ay o shalas (s
S G e B (8 Bl Gaag s W 0l s gl gl (g (Sl
Ol el cdelha¥ f dwuhll GoaSt 5 eaall i sall
A Qe e o Lgie JS) Cua ceciall ol ca Y cel g6
(g panlly il 8 (@aall a1 4 530 el olie 4 53
A il e ASY 2 gm0 500 4 geie o el pay . allall

L o 5831 238y ¢yl ey Gllyia (e A3 sSa Balal
o WY Alh b s CulS Logay JAilida §f Agliie G ) e Carand
o aile A e Wt s cliall @l el e Ul
cOslll td el IS (Bisaldl palbad S e A ghue ) gaiall Gl
canall (sl ¢ galll 3 sl (dadi

13



Sar Lo ial Galie o alad aay Lulus Gl Jeay Lo S
A D oy olld Jlai L jaall b alEOl ade (3l oLy oSy S
Aglsyl of Laf das o€y . oodal Uil Ay de auldl o
Sl 1Y A 58 Y g la Jsdll diw 25D, ol Caalial
(Al Rl g Al e i LS

fernall L) Jb Lo 400 3a A jay il k) Lo

Ge Jum Bl fsan g8 sl 4 Dl ie Gl OIS Lay
LA | sedie 058 oy OIS 5 Lyl 138 dday ey il
B Jaills ol s S AL LS aildle) agd IS usalall o )
o Y G AgSa Salad) o craall dpdl Jd A3 400 die i
ac eyl Al e dilay adel LE)E ey dada ASa
velall g el Jada 5 jud

dal Gas Ause JS8 iy 0% sedll OIS (gl ol
Lt Wl *jeny Cola2 oLl 13 3500 oLl 3 Aunall Ja5 cagpl
el g e af Dl e el el 3 edll Jay Sl
oe leie saal gl i dimall (o Ledlialily () 5 jpuall &) puainl
(0 aa) gl 13 4K agdaat] oLl 8 Jaliy gAY

el g1ts Ao el jal e ligSa o1 anis ol 68 of oy
AS a4 13 o L LS pay sead) el al Gulanl Jid S 4
il 138 oo Usay SRV ) Ladlly ol gex culs 3
$15aY) e 1388 — U ol 1S5 cuny M san OIS ¢l
omad) s2a ASall bda oy o paiuls b ueall dgaldl
— ol OIS L e — ASal b3 (Y cadal A5 A A A sdall

14



palall 4 ) guaiall U gSall o "l 30 o2 " 4l Apally Lu\)uce.ﬁiﬁls
O Sl e U8 A Sl ) Laddaadll AL e a
pkind b (e 4l lpuany Aulie o ol so0aie JS3L 8
Teala 53 08 Al Lguiany g Al gl Lgaimny oy i Lgaians (3l o 13
Adha Ll 0 of Jlael Al ailiady Cuudt ddlis sale ae 8 55

G 1% daty Ay Awmyan clSjay U o
b3 O ek ey Adlsde b S Al sl el el
e pablaciy 5 AT )3 g cAlilany AY Gy e gl o
Ty L eda paat o I dbbal il ol ol s
o ghae 058 S b Al e Lo gl 55l e Lad Jad i
o AL sala) (S Al a6 gla ) Auliall Cleasdll 238 L Aghi
Lid o A el ¥y sl Lealies f Ll 8 s 55 g Jalall
138 cand &\)su.etg_u;_p@m)&mw\ U)S‘é_m\ L.a.z\ Sy
fala S \.3! Lollad & a0 (e & Balall canal) _)ula.d\s.\l: (e
ledsa s gAY ey 8 )M ALS JS i 8l 53 (e 458 Led] 3,00
58 0Kl 50 culS 1Y ad i Sl E ) f el Jas,
5S & Jifuy e 0 Al b Syl ol aaly e W)kd
Gt Cun el sl (A ul 0n) sk A oS bkl Caua
o ¥ el (W el sl L (Guslb 08 oS 100 Jsa e A
238 3y 2oy oA ASpally @l e Ll egles pd S
Ny A8l (sl el S Aad) gl e A8 jalle 13y ol
Liat of oSay il ciyoh 8 Ll ‘&\)swu)&q Jaladl ol
g i S S cpliay ile ) Lesant Ay 2 4058 Laldl e G.L.a_d
G Bl e o e ol Lt Wlaal lagu L

15



apsr b ad st of (Say @l Jal e Sadl gl g8 Lo oSy . Lghyas
3OS s il ¢ 360 eliaill sale JS oS0 Bale o asmy el M
Goa 55 5 5 daatd Blad Canad b uguall (Gl ) aaay B o A
e A Gl Colall @l o (oS gl S A sall
cplaall iyl

caal 8 amiadl Lhenhy ladlay ol sl GlS,a e
deie e oda N A ay LGB g9 A LA duals
3oloa daie 58 Ladie 3l jall da 0 g8 jues by Baall aslall B
ST e lanaly Al Al e pST @ e ol of @y e
Nie e od IS CalSind JAY) o e pd JS Dol s agh cdin il
aluadl eUaal g Sl e di il e S

cd A S gl

S s a1 £l (Bia sl Aale ki (3a r3gaill 138
Lo S0y e Sl (500 ot Lindy AT lgy gl g ol
Tgals o psine 0S5 all) st S 258 duxgh oy L (IS o
a5 (gl We oS 13 L Jay aaf Yo ey
il Speall aigl 4SE 4l Lgia JS o3 e g5l Al a5
Al ad ¥ 00 et Db O8I ad AT ey (1A50E 4a L
e ganall Ll Lelany oS

eanll 2adls HSF g (Jliy LS ¢ gl L sha 5Dl ela
a3l pead Al Apalall 455kl gae sa (Bhiall gae ga .l
sl Al S gy claf Ll psdally 353l
(Osh el S el jeaall 31X 4l HhY Sy @Az

16



08 (oSl b ¢ S LKLYl e Sy dol s el Y e
bed IS Lo pas 6 eyl 1a e Sk LS diSay s
Jlosall y Ll 5ok 8 iy sk o @S way ARG el g
el b il sl

ikt Llo 6 e 1y 4 clagidly i1 i Glis
Somnambules (gargsiall B S 5 IS maaa S
Sl DA e aay o LS agle diga A sk eLby 1(1965)
SN 9...\5 ASa .«Baal g 3aaa B S8 § caaly gloaal caaly aliag) ale
s Y g

O Aaled dillie dgas 2395 el A gl ) gauad 13 126a
ole s L Taual p oa Lo (Sl (log Ll (55 AS; Ciige 5a )
LS i oaals 52 JRaN ol o T ssms of V) b
Gy el e Y A sde GlS a5l 5l ol 3aY) 5 S
N5 A phal Lo NS8 JSa oL Ul Lty Lad adla o B
0 0sS o Al Lwan JL @l S cas LA
Al oy ) S TUSE e Lgie Mg of JSAN (Say i fAdaliaal

O 58 salall o sha el tcaloal seY) e Al e gene
150 dgas g gage E1l 8a he i Gl g 5 i 3L
138 La gy S Laays guodiall o8 Ao (Sa gl s

elall Giom Lo e 138 Liagy 3 W) Ulad gllay o g guingall 138 G adlgll *
Agha™

17



A ) ) g S S yuedd Byl gl i il
O tlgisaany (Jpapal) igin B pia Anileyy Aia gy Ciigay S
colall e V1 celggl Ul A yualic day ) (e 43S salall
A ) Al o 3sall o] Ay V1 pealiall 036 puaiad
Al el ae Al Caay 1388 5 1A gkl g caliadl 335, 3yl
Pl LS (Y alaall (e e gena Basluay) (S il
= Gl 5 m
slop =25k, +3)a
sba =45k, + 3355
Laf (S
cilia = g + U
Lsh)=clsmtcla
839 p= pal+ ela
o) B Aalay Caly Aoy A (ASulde dogkial ol 25
A LS LS (dSulaia g ans til
saalal) 5 A0
AY iy e bl I pgede B (S shual SO L
da sanall Bags gl Al Y Tatlin e (gl L LBlSS iy pandll IS
GO Ak gl oo 50 g Aa Y1 ealiall 3yl il
@ Ale g,y sl AS) SlEl AugSl Cige a8 2 Dl
caall ekl g okl 4 gae Alila Caat a0 5 9 <ol AN A s el
o Akaije A clS cagllly fed Al Al ADle L
A€l b 5 o Uil S cLadly Ul 4nii 23 g3 cdal i gan
18



OIS D e el IS 13 b ol (S Ldagd
4aly 4gami Loy Eucharistie (wiall Gl all & i 5 g uary coma
| ‘Transsubstantiation .zeasall auadl a3 (Y (ol 3l Al Caladl

ol sl oty (165 Gul Cun Jaaiy) Tl TLls lh iy 13Le
pelslis dnkad SN 5 deall 30 5 amyy ¢ 3 ol ) 380 caladal
aelsl K& o aans LS st & pamn e 10 115040 1SS e
oo G s AT a3 ¢ en 138 tagd JlEs Lases 4t |a s ol
.«(aSI,aT

daxg) A€l (Lo Jsbiy s el of A0 BISY A€l (5 5
Addia y Uale dudiay (o3 el sl pds auis Lilad 13g3 (RSl
Awil) Loduin S e ala g gt b 1Y o (SO G ad
Sl e Als el 23 );533 AmeY! 1 e sl (diliug gl
O A SIS) Akl Aadlly oSy g lae gluly Bl ¢ uial
(1553 ole Trente < i aanse ia Lay3 5 punla s ga

OSar S Y s oallall o3a aa AS im et 3 Ay ks o o
cabaatll ALG e A3 (A5l AL 5 (M A G a o) JaY
ol U3 e e o Lipte Loy Lep 2y Jsall ALG e
Plebignd (Sar ¥ Law lSally glasll e Jon oy ol )
Jlal gn bl e S5 Al bl Gk gagd Al
iamer iy axhl o asB, JSAN 588 i S 4l (30
Logulal oM Y Jeatll QB ye o Lo dad ollia Lud 4l
b 5All A4 ki 1Ae pade 5580 B Badall pia (S (LS laag
A8 pmall o o @ld g0 to ) ams . sall g saldll g o Jecaill Liaksd

19



) b aad (S Lgild 5 jaan 3 ga 0 Usliie] Aaal die ad cdajic
O Gk

Gy pdag & s b ¢ sba Jisall QYIS (o peanll () sensunal
oo Al asdll (S il el Ciadl gl SOl Gl
T g¥1 AN (e o) Cmpnnd) STy qaually A1 3B Y clady)
aladl G byl Y Gsmaday 1508 (S alagi e cCadl g
e Y 4 Aaadall ol B Jan sk S0 Gule s OIS L cpll
) gag o paall gl sl el eV 3y S ad &3 g
Y e SIS Loyl ae G5 Y A e Y 1
s 519 e é;f-i 8 e e il (o gall 1agd ()5S Baie]) ae
1600 ale i Lasy 8 ba oS0 Atles Y5 5,30 5,88 e adls 520
ol 8 slall (530 Caall (N agehe adel S3) (e Cge
ALE el ae 09 s aseadl el 1368 5.1633

ol 0 (1655 — 1592) gaisule Y Digne (o i
FERIPPLYNR AT [gF W IRECIPRRIE N [PRCT-JA [REI LI S TN g PN
DS o3a (s Aalladll delady Jglay of )il 5,3 5088 e saly
Gldally oA G @Al capeadl J8 oS8y RSl daYl
o Y5 Ve supule S i) @y b oSy (Y Slld 3 i)

£

T gud s sl collad Aol 0 5 ¢ Jonl 388 pSla

29) QS S8 iy e sgdiall 50 Gpiaslaall (o e
sl i (Tlap Jhy 4l (JSuWb Jgime WS qaula e s e
JLLAj (b (e (u’.’:}y LS &yl }.h:j) ).4:.“ R ‘f JL\S]\ 5 8Ll

20



P 85 e Y clle s sy qgusale I Adla) 5,00 4 ks
3w Al s cBag my o(1aakall)

po o pslall fo )b ae Jhlay o w oal dala il gall 230 S
danla 355 A 00 Yy caa o ob gl o i ol LSy (Aaulil
oo el e Gu Y alall (S el )T 3 o Ly il e Y
Al |l st ol

Lo gt A sl Pl s G aal i o e
o SR Cpalady OIS L 0lSH 8 Cpaladd d gy sl oLl
o laes Ll luiji sa casidl Gl Gl 4 el
Ldde 5 ¢gelguall adly g ial g sa ady Wie oS af
g e liale U L i 3 amy OIS 4 cLaipad) oy (o
ol e il Gl gaa) e sl al J8 0Ky ad e g2
adh sl Lle pmad 3l of LaY Cua Lla Laby | Laal
Sl o e lesnmy (5 5 (e Ainle 308 b e

OB & S el O3 Ty 00 5 S Ay ) aiea
Sl el oS Ja sl 26100 Ly i S8 edand) 134 Aliag
Aslaaally g e gelaadl o S of 4S5 IS €l L2aY 1
O oy 4Slesy Lysume ol dak mha of o caaall sk
Gl oS 1Y aaly LaSe | jiafin L gl k) aaa Jdaag
100 s cam 10 Ll 4l i) Jad 4l g1y Aaidl ASLaw lua
5S4 o pm Al ol Cluall gl 13 Lo Gisel Y il ey oy s
Jaa b ymea culS @l jall of

21



Glaally alay @il (M) )l 8 e 0B Ja 2
iy (s smund 150) Gyl dad e A0 i e Jiang
O aula oaal sda culS ol g WA olad e Ll sy
(sl <) Csleniog ligdl US) 58a0 agal culS dds Lol a0
Lis jlaal b8l die 4l gae e Alsade dgluyl
ASH Ggllae g Lo S il (i€l Gpalaty sl b i san
a8 g ad a8l gl aaal (adly canadly sl sy e Al
OsSam Leana (8 can 510 A0 (e dlad el (@l adl) LA o3
Ly s 13 . Leia 210 2n.59 a0y P S 3 ad iy Com 2410
e il s ( M alladl s BaY Apanian (530 5) "l 200
Aalall dgluall dalleay (g paime WS (T8 ST dad olael (53
Slagin uadll o5 oSy e Tl jally Sl o
alatia 3 jlea reliy jad) a4

o L el ) Wiay & o3 ge ey 63 toaly L
A G e Bagy (S shalin 9 S e sedall (8 Oy AL
Laghadle ein gy ala o3 Jab o5 4 pan ¥ el sall

e Al 0l Goedy o180, Aulal Y SN () plas
R (et 50 e Lpplals |shlad 38 (Chall agd it (il bases
dl e¥sa . pde Gl Ol Ale (Jsa ccliysadly SO G Sl

Leie JS calulu (S0 8 oS0 Ay o Cad a3l il ja o Jlaely Ji 4l o810
L g Sl Leaa ey
210 X 6.023 sa gooke sl dac ™

22



AV apanyy Glia e LsSe 33 O (5 perans Lagin | ey
OIS A (ed daBse b G S agia Sy ) e AigSe ol y
ol Wida OIS Lagia 38 (Y 1Bl ¢l jilly tppl) Jgiian Sagia line
1)35 laaf Legia D8 oSy e

de Gl ol e 8 el G el LY sl
) B skl 5o Y laed Cua codall il D dals
(bl i Gl un palaS) 45 5,50 i U Gl ¢ Sl 1
(Aalall) A el Al Lo glgall Guldl Al 38 gl aay asSly
lia Uiy g3 Jladd a5 cobasl ady Lo (OB 5 1) sl
Ll ASally gasli (AN ot ofbadle 4 gle
s L Ll w«deal e pd S o e Yy Gl o SY
AL e 5 M Jsa bl Bsan Glum b pllal das asS1 (e Y
oot S sl cla e ae 2aTy pead Al (Sl cplaaill

Gl se ) LSEE (Ko Y Jse aa g 4l o 400N Aaadlal
o lebad (S Y oSl Goal Lhany bl (S e
AgileasSh ualiall o gall 038 4y 3l Y

EPQF IS A PWCIS P WO X\ ER FE¥ g PR [\ R VR
Jpall Aibaddl £l oY1 ey A ga LAY 1aa gy dibde gl gl Leia
g adf Loy LN 5 A Ao gand oY) 14y 3 8V GlasDle Ua (g
Lddae Ay \A\ ggiz\ﬂﬁ'aat\)j e

dals Gallay gy LSl saey ela (S1y 4y )Y e
(ol cllia gt Aaadla (L 3 ge als L pluasSl ASEH DLy Laliy
e dalaly Lo JS el ja) Jlaialy cddasBled Jald b jolai caldi o))y
dga 2% Lo ) Aagall Y Lals 16, 4 oLl e Ty

23



S Ll 58 3 e LSSE & lele (e Baaa 3ale aatd
23 )5 Limny Lpummd Zonlly Lwit Lo o Jailas 5,880 020
¢ Oon S Gy e LA L2:3 13 12 Jie Adap caall
8 JS! s S e el 56 3 Jaeay GsSH ey 4l CpanS Y
o ) S0 2 058 o L oSy - CamnsS ) 00 il 2
S ) g Gl 4 g aaT Sl e Gl 2 3 Cas (Yol
§43 ga 058 Gl 3 oladl (e gl e aua 2ag Y il
OB palind) (dad) alaail b agde s oSSV e cild & 6.2
558 ) seda Ln Jaadly cmaa ad ) Badae g — 4By Badaa (sST Gudl)
glsl e ) e e S L A dieal (QUSA) Jsall o
A8y sadase oy 0 G LG daa U Sl sda of 5 ddbia
A (e 138 5) o) il G (eiane e) oo (S8 (i
Yy UisSe gt ¥ AT ey o Biad Y 13gh Al il (565 Lavie

Vg diliae G a3 2 e (QSLE) Claeatl oda

(H20) oLl .ciliyadl a gl dsanss Bania (bt aidiy duns Ui
Wi g Omaovel Oe 0503 e LGS 303 e 05l
A )l ae L s 50 e OsSal ((CHy) il
Oe AsSe Ayia g4 ((HCI) elall 35S Gaeny (@yjn 58 Gangyue
O ol 0e s sl Bes )
(opibasl ad (1844 — 1766) LS gy (gl oS
Aasadl M a0 a3 JS A Awlly 5 SE sda b
O ) Bia el dpad s gmby 4 Jy daiead N elliag
1808 ale b iy i€ Lodic (g gule 3ia Y gl%ie ZalSl y o sedal
24



A New — ¢LasSl daulil aaa allady 10 ging 3aaall Ll (ulud l_.i]_g.n
Gy A @l e oIS g3 g) «System of chemical philosophy
Ay AdlS s pasiuy o (cé sl

S i il (e JS Jaadl (il any de s il
(1850 — 1776) s e il sandl oyl s (1850 — 1778) dllu g} &
5 Si Sy LagiSly et Ll o (duid jenll s 4 yeaall )
Gl e A0S 5ol (8 Lagall Auaailly Ll A lalatia bl Sl
5ina g Aasany

saiaall A Adadl Gliy el cidasdd A A8 jaa of e
Sl o gl W slas o5 8 Baieall iy 3l

(il e 30
3 1860a—c Ll J N1 allall el ol Aol Craa
ragad 6 Cum (Y 3l aaen A 5) Karlsruhe o 5l )\
CrBy e ay B paly) aliija JSm @l e of ) @l
— (B Ul (1585 g s iy (o ecla) Sl L 225 < el
JS TG (B Gy D g (el Gae i skl Aslial) odgy

gi P e PR VR PR A R DU A PR WA R 1 YO I EW JCH
NUa iy Ashll llball Glatl el e eef WS Gl ally sl
dlagd & W (L ) H+0 > HO 1Sy gsills S elall (a5 40l
i€ el aly (@ S g 2H 4 0 > HO S o
shy Syl Bja ae Oivgow (e Jelis dlly I 2H, + 0, S 2H,0
O e 2t Gy Adlall gl 4 i S oSl e sl adiad) 3 gall
oo Ays ket (s S8 gl HYH > H, 5 040> 0O,
JS o (Sa s Laadl LSy - cpan ) A ja il ool 353
.i..ihs.et\js‘\ ‘;,A,‘\mﬂ&,ﬂ\ e 3 aaad e
25



C «(ps—id) Li ¢(asb) He (i soma) H i ey Al QA (e g 58
e 53y - (0315)

omS e € gl + oS gl C+0, COo;

LA Ak 0y Al GuilesSl (8 & BN 18 (e Bl
S A toaly D sl (g ey Cigen (S Ll cpual n )
el oud 3 aaly g al 3,0 ae V) @l o LeiSa Y QA Gy
b Adgaill JAdl bl Bean JB LS @l p Y g lo» V)
I3 L gty L5 V) e A 550 G a3a e s ke
Jio ol gl el 1Y ooy Bl gk ol
it 3 Lad (oS5l 5555 Cmgoua B3 tH0) cumeS )
53 NH; @llisedl daxtl "(N) gV e ) SO g koY)
B A RE2 PSS PR (€ PR PR ISR A AL L PRI
)l ge oS 50 RS Cus Gl «CHy g8 Jie bl
o 3e J on 35 Ayl Y Lae 2l cpm s sued e
(2

Saag cclia el cdlea o sl o 3eatas 13 Ul
s il Gyl Sy LS 5 e Al ity Akt Gl glly pransy
13 5 LAl elelil Ly i dvauiule (gl = Claaadll 038 Lgidaud 5y
P o ey il 53

C +2H, —> CH,

O8US3,0 Omgsigd Ga llija Gl e pga

sV e gy paic s (a5l el all coma g 3Y ey A N

26



clipiall JSim o Lo ubed dao Slad o5 gl dud
& o Al Adels) pallad IS e O 3 e Ly
JU el sda JSdi N @l A AN b aa ABe A L Gud
o it Cally ¥ L) analld Al DS 61321 & gane sl Y
e g el al WL JalSie JS 4 s (bl + paa + )
Las o Ayl ool uladl Je Jadl ety ol
By b s gerall 50 La0n BA b (5 (e Unla Candy Al
e 3iie g LS oy lgle Gl (S Yy Al pailad 6
19 5mee Apoddy J Aids Al Gailady widn Lal LS
S Lsal s sl 503 Ak un T Al aed) L
iyl oda )5S Ladie a5 (S0 3 AY) o3 pailiad i)
e IS allad B g i a0 Gl jadl g SO Gn Duall (8 4l 55 508
A5 e Gade S0 138 o g cilifia iy Sall g A

vl H S C ) 3a) onS suaie US55 slke)
SSar A A e 48 pre SIS () LU N oS O
1388 5 .4 el L) A8 liay oLl pean LIS gl clgna Jagi 5 ¢
13 5 AfheS ClelE LS PR e Gyl o Sl 3l oK
Wity ale 4 (s sl Al Loy A Ao Gl elale sbasll & la
G g oadl gl e gyl Agal oy ey ey Ay kil AeSlaall 3l
' Aokl ety (Al

el jal o) pal alall @la 148 )4 dalie 3 jelaed Ay A S
Oss daa all e Bliy o elld ga Sl L (il Sall a5 i 8
Sl e ) & U] Ak g L gl 3n 5 Y oL

27



gy saama aelail lids e el jlim 3 @
ul Jens gg.\l\ t}i\.d‘ d;\....).,dl} (as [ G PPORI AP 9_'.\]\ .)\)a.“)
s o s .elaS sa 13 JS Al ikl B gl cslial
bl lajlue Sl of Lo ccliyially W e duusal oLasl
Qu.»j &,5:"“ ‘;A Lﬂ";‘ A a,gc\.u.a J\y} [RYSEN c'_ll.\s_)a &_):\;:1 ‘f";
e st ol 8 dals Lol gy Lol 8 deluall 5,50
Adle Aduldl cle pall Jeiy Luiji cay Loy oo pdall o8l Aoy
o AY) Gl g )il ae 3 Al 8

4l Az i) o Jadd a3
el Gl e B ¢ Sal (DA el (o)l aladl 13a oS
a8 o el pa ygeain Y cang 4 W) gy gy iy e
ABIL Gl alad L Gl (g A8 D S LA A jae (3
O sl Jsiad @l Ly Dspan 4y il Y fsala Jish eS

Jan dae e oS3 sa0ad)
Al Qg laall y A o Os A 10n S (B 20D £ 550
oS ke g 1A 1l G A ey ol eV LAl Aea (e
(WJid Jie (@A G lae 168 Gl WL sed n oJaadl
gkl Ly (hane) il (e lan 8 e OIS )  peinsd
Gandly an S 1S (laY ale Goati ) S Cun

(sl 38s 0atlues Laf aei (IS 4f
(Qsal o Sue) Gile cawiy) bl 8 dia el o
piall 5 W e 31l g1 (B gl (Gl pa (IS (53) A gl

28



O n puhl Auls iyl culS (ae Soatie g3 Juabidlg
slad LiSie ishe iyl i 4 40Sh 3 Cagiel Ak DL oSl
Ll 2l Sl dpapuandl Ay ylaill saeed 2l IS adf a3 2,00 4 il
Canda b A laill (8 (JyguSlay (gl31h b sl Jleed Jumid | ISH) &
_ il g telalic elale U o uajlaall S Wi iy . lag pu
Byia pg I sl ' 1S OIS W) (A5 s 25 (i S
oa lale s de ey 5y dake Y1 Aala, (% Ak

32 Ol pm e tan)

L) "y

eyl A ja o A sl Ll Y1 calS Ll dally 5,11
300U G laal JLSH tlaasl aa Gl o g e sS it Y
¢Omilale (pDlie 15 S G slh p (al s jle Jsa (araniial
AN e jlae sa agreny S A bl L opulad s Onsees
Ml 1oy ol e ale OIS bl 10l Ll oY e o A (el
Sl cpptall AuaalSY (Lals 15 S L ISy ¢ uiidll aanal
3 Ol e yiaa s 0 Aa DA CulS . i e sae o Lol
e call 13 DS ey cialal) G il |y IS Sl 8 LAYl
bl gedd gy 8 A e Cynal

i g LAaclh daadll b3 e daaldl plaall culg
(s S culuy ooy ae 3OS Lglo (o Saal (Oly,y S )
ol iy S LS ol g S8 agl da ) de sase a3l T il pLalal
oady led .4l )y 45ade 4l CRéligion de la science alall
e bl (5 seand psgiad IS cqnsall oo 1S Aualell Gandl

29



Al am el "Cleliall gy geen’ 381 130, dia JS LaaY
O L LI cpaded s il e &L S elte — "Gyl
WE oy small S coladell dadladl WY1 038 (DA G sn
A Ay e gy oS a1 b dEeY) s g 4 A
b Sl la sl i eaal a5 Gl dlia oS s
Jia¥l ln o(Lads Gl Gy il a3 3141 o3 oY) el
A ol eYsa o @l aay (Rads 008 o V) OSe Y Aaadall oY)
Jipd ilg | € LS OIS sl olsene o cll 15555,
i€ g W € WS 8 ol Aels clilis) Legly Liaf
pslall i adlelud ) Calial i canlanl Cad Gl b Y 3
J3 Ly ga Adls Jsial e el DY

Chje L 8 Al slad Jea A goledl Sy 1
Cuall b 1950 Jand § ia OIS c0ppysml) b ol 3 T30
OS L) Wl gadd g aag Y oAl Ayl Ay & A e
D3 b s oS Lavie qead o cad U S0y (i
susly s 55SE JBG Jayy syl Gabu (e i€ Cat f s
e L ey U (e Cum co_ o LiS) s8] L dlas ) siuly
cO52 ) sl
(sl i g Ade

o skt Gl Gu b e e a2l Al celiasl ) Dl
o Jabaty Qi Jang 43 -l sl S 38 el U8 0o Uil LS
SN s 18T Lgmans (L) ualic 4d s caat 3 " pill” Gl
gy c&J'ﬂ\ Oy a2 B jgaw Al sda (S0 lghmlal Lt.u o]

30



058 LA e gane vy A G T @l LAY L Bana
Bsea 5 5 S Cleliad Jadds Leild 13Sa ¢ yia AY) lecanyy | a8

aSl pa gl Al e Golad GSadll e gyl o Ges
Oo Aad B0 pe Jeladll Y JEly oY) s bl o Y
celadll 8 48 ja Cilaaad (< Pla

po T A e 3 Gibisa s e e Y aual) sl 8 il g
ld A oSl 53 ol 13Sa g L, oda 5SS e of claluilana
o O sued e A 1 A pe A pdiind Cgan g 3 day
Otaall e ogasll deby Aja Sy saaly gl 0 V) Leae ST Gl
Oad il guaiall Go 3 B2e aual Ledic 2 G seY) oS1 .CHy
Gl 058 g J31 e (CoHp OB 058 sl e G0
e Jiian el &1 o6 1388 . sl 3 @3 iy e da
Jis ) CHy (H0 «COp Jamadl (s5me il Jiall (e hacliad oY)
glie el (53 (5 el
Limal) g 4600 cillals )

CeliaSIS caall o (gl pmadli Jla S ey . caallS o las
R CPPRLIIT PRt HADSPEEPRTIP BN PERCY BU IRV
Ayda Jaly 88 s g ognll OYlal Gaugell ga dad g5l e g gnl 1aa
S AV Gl e Sl 058 Lpmny (8 S0y g lad g ) ()5
DAT Ul 5 gy i b gl e od JS U8 98 cltloas Mol of
Ay Ll ale I3 — Lyl 068 e Byja Jah s
il jadl Gn Jaa g Bl 5l (e g gl 080

1994 o Sla dingh J1a comls eadsl L shaas ¢ ounif Ao ol S kil "

31



102 X 6.023 a5 (CHy) olidd oo W 16 & oS 13
G JS 48 A dad o) L ol sl Pl day (o3 Lad cdiy e
o5l & sanall pmal mand Cusy ddma LSy o geaall dluldl
Jae ahllby ccall B LS i bl 58 bl 5Bl
ale cLasl (38 le el o Y Lo Lol A8 (5aSy Lin 5 Jans gie
Gy G sed laash LT LAe 5 8l cye 138 i sy g1 18
o dilie ) A0 Yol pay i Ly opany Wlle 35y
(il Gp day s oliie ¥ b alie MU Gl
vl Rdall Cadll e g Ad g Lad m g B e b e
BN
5l 8ol Al canlall] e 4IS sel g8 i
O Sa gy gl (s i J Y Gy ol i clia Al
o 200 5 Ly gl Judla b W S daels adias o ol g
il e oDy o 35aY ALl 5 allal oda e (1.1 JSa k)
A% Sl i ja s e ad) Polymérisation 5 ekl i 3
S el )l Ll 35 ga gall (ST A (S 13Sa 5 (308
St5ad g ALl Aludu elaey (5 AYG aal g a5 o ¢liaall
A Y alall Jual a5 KU A8 5Ll alall oda () LAkds ADLaad)
Os— S ) sy Aaadl LSl &0 (g i LS Sl Gl 3all 228
sy el b akiy AV s osmalud) 4 s al 50 la
ki g S el AV g (SiOg tomaS Y1 aa 5 el 0da (Sl
Jaa¥l 8 Lalall 038 5.5 e s sed Ml 5 4Dl pe als Y]
ST UNTES PR (NSYEUON PRCR - PRE P U TP
32



Cavitand / Cryptophane Triple hélicates

1.1 Js

@iy Sy s A Sdall Gl QA Gl pag s Bhia
o 0o SY @ d B Al LB . ogd & le Gla Jisd 350 Jala i (e B il
syl = 0 (omguma = H gl = N Qlad Y e B G50
Ouluss i) (A JOE S0 A G A M oad )l = R
.Botadiéne (4l gs = BU' <aina Porphyrne

33



Gl el w8 o iSas g3 A Led Gl G gl g
bl cAida AR A 13a oudl ) (Blaia gl .. ABLG)

S plaial o ) gaiud 3aal g aa 9 Adpmadall dad 5 ) (i 0e
oM (S0 Om s A Omsoued s oo ladl cliaS 8
Cuunm a1 oS0 Jaliie ks u}@m Ofia g e
G ula el Lals Jsuum,‘oj\}xu)amyu\ S s
Laie Liaf 13g] 48Ty oAl geuny oy elall (8 131y e o LlS 30Lal
JSal) o A a5l Bl gy ey 40l 53550 il s ey
Lojal Ghe iy gl el Gans Jals 8 A Liad (5 i« padaud
Y g S0 Ll 1550 i 20l sundl Caxi CADN 5 sgulal
LA MR e 1A bda Sy L gaY) (B

< sl

o AL 53 et ABlae (58 il a Liad b
oSV (Oske 1 U< Shail) Sl A0 < jpad s L) AR Cilalacy)
A Cleaatl oda JO . lal) ddlis] Aals oy oLl 1
IS S M\wl&ycm)\J\ALuY\MLJ\LAAJ}‘bSmm
Jray Lo 138 5 )2 G A iy el Clalad¥l S iy GlSe
s Galia ay et ¥ Ll gl Al Hlall dluls
o sl ddmaz y (Llle

e D dasal I W Cleaad < lln b o2 Al
ouby e 108y e olll dajla ol pbln clacy a0 ut.:gg_\.u
bane Ulg) cown NS Lgine sy ol dlhia Ste il
S U*sg_.m‘_,;m Lovigh JIK2YI o3a Wl a3 3Ll olalas

34



Gl CleSay Aol ZBI da8; o) Ll L cCluliadl
-5k IS (Na Cl) plakll mle f (FeSy)
o 1Anl a oSD ol cpall Ledaall A plalall saa
S S A8 jLine el g o3 5 el il gl et sale bl (S8
S small e B G B0 18 sl iy L2 Sy SO
Gble i bler il (5 LBLE Gl (el 5 sinall ey 53
S B 11784 de e Gl B (e e ol ke
DB e Tt V) ol (GlaY) (5 e e b yaall Cpaly Lgdanl
a5 ga A saal alie ¥ (5 e o LY Lasen

238 Ay Apaall cilul all caxsl i

Lgs) ol 5 Balad

ot Lot o Lde sl iy el el dal e ad e
salall & aa g 040 ) sm Adbdall A (e oS5 € ShaS) il il Ao
lauied S5 (gl sa (CaY1 ) e Tl LAibiaa s 3 92
ol g (sl ALY 3 laass 0 o3 o & SV )
cdiaall Y Jsadl 138 e Jgal ey 13 ks o padl polainds
e le I lly @ i Ligea oSl

Law 230 e &6 25 (0l g oyl S iy o] i 92 lin 1
B oS el Wl Sy ¢ g of (Says AiSan A3 a 125580 ny
adl Ay all Gldeca¥! 2e of Jaill (Sa AT e f3aixe
WIS PRCNC T [RC TECIRY N RVORP JNPE P RV X
AfleSl Sl ) of eV axe cang ad 3 gy yan oDlas

35



caaall ALE (Aialae JSEE A Abla€) LS el Al s Aas dulac
L (Rpubua 5 2YL ) 2da o il e 3 Leadine Jal e
ey i g Jagyd hsi ge Y 4l (gl clguany ) plaaidd i A
cosuad elau gl g aall Gl slad (e Y <l Jal ey Al 3y 50
38,550 e Ul Slelin (S of 486 Y af 3 o iall dee 5 1
gyl GLES) e A 1ol Juasy of kg Gl A sy &
Oyl dlld of oy U Gaobl bl aiage Jelidll a5l 4 32U
Laga Slems o 1385 . Jsem sl iy i )

o0 Gy Jsii) §18 ey G e AisSe il JS bl
! Sl a5 Bale e (psSe oSS L(E18 e sl e
O Lol 8 gand "Le—w 3 (ST e (Sl @) Al e LIS ae K

Aasnaa Gl Ay o o gl alas LSS (5 Y1) e bl Lol siiny

R I

36



2

o) Ayl g (sl 3 8

S e Jd o e sl 6 S g OIS d s S e
oo i cialy ol aliee by ¥ Aplid JSYI el il (ool
cigl S5 i sm Gl e oS el s caluad) da g dlly
o 0 Y Dt Lagild e (g Mains sl Ay "y S Anis
350 osind oKD 13 aal 8y Flan iihise LgBtS (of ae andi i)
Lasy e usad 2ay L3 63 b ¢ sede Jlab inea U8 (o 5200 Jub
ool 680 U fad oy s ad el sash PR
sedy Tadl 13 1,2 a5 el ged Raglia Jy @il 3 Y] lamna
3 2n5 (S o) 5 Loy bl Agay pad T ol 3 130 1 5 Ll
Rl Sl 350 e 4350l A flagh Conal o3 Fio an g Al luna
el Lgasla ol Lot oo asdd 3 ALY o 0 Jae 3 o2
S aluaY) da g e Alee i Lavie de gl o8 3 JLle

pa el Luaa S Ll addtad L b Jawy o daili Ll Pétanque ol —
Grave A—alS g (e udlall 5 ) ).m G g Lm.na Lms 3333 Graves 4alS culs ™

Gravité U.:JL_uu J_m.u) d_m “s_uu rﬂ\ 4....\.:.\.\)]\ Gravis 4 e d3uda
s A lads Luu 25 A "Grave" il LG L A .Gravitation s

37



peb sl g e pinaal 4 dee Lo Y Bl Y1 b o Lo
L ) 55 Y A 8 slaal) b g sunse i el @
Dl a0 saa e el sell daglia o aalil maall 5oa0 N (S5 Y
elalall L o3 Tasall Gl Us pgy Loy oadliy 3y g8 Jasiadl (ha
(Jalgad) Judazd Lidls Lesas o oSa A Auadl Ly duleal
Agme e We LIS gap 3l LAY, LU da s eyl
"SI il G L Al g g Al Aallas dal o
b S iy Al e e Apaladl AaSlaad JULY1 Al Cus
LS 13 RS ey g3 ] g el

aluad) b ghuug Aile

Al ol gl Cyaal el aa i o el sy 6 8 e
shu g JS s e pSall e e g a0 S il )
LS ae auliie C3al 138 o g alua) 3as a3V o sy

OS Lo iy Ly e 38 Ao ol Lagldl 54 o 1Y
£l Go it e Wi, (el e e o G iy
O lae piae Ay Advy dualia oS5 1Y af e o o
Aoy .oa 1 G T gl e Dl Lagilh ) A (ge 2l
Ly JEeY) ol o 4l e alual) bgin 4 Jan Y Ak s
58 pieail Audy By il (5oms Y wax e (5 sed W ey aag
8 Ul e U Lowsn 355 i gl iy 2 taaaliy )00 e

S5y sha) (85 o iy al of dwiny @l sl 8 e o Gigmdl e G
N

38



com 1  aa (Dlay Lagd 5 e 81 3 Luo LagS iy 5 3!
Al of T ol 58 ga o o8 alual alasialy 1 il &
O ot clad WL dad sl el L1y et o Lo
STl 1 s

O Al ugu.da_\ew bl b Qafbj Y
o ot AED laall o gl LS g cauliie JS8 dat oLl
b Lo 0SS facas dlta Ja 813 Aadiad sl e S ga I
Gaals  GLIE M) aline IS LS 1588 U a 00685 6 el o LY
Lalaial L2 5e) o) L SY) A) dagy S G iy (3 2 ol 3
sl WS Al oy JUlle Gl (Y b oo LS) el sed daglial
A0l dalia) of8 shu ) day oS LS AES e gy b
o adad ALE Jost Latie ol e CIB) Gl 8 068 o g S
O e anadl LSy ¢ AT inay i LaalihS Caalale ¢y Y
S (o 45 hay ol sedl Aaglie Jlie¥! Cpmy L A A s glau
b camall U3 o 138 Gl sE ol el daslia o Ny dashl
gt 3 Jaf ) soe mend Bl 5 cdanne pusad dunilly 5 8
oS Ay Al ) Lok ) gl - (baane IS ) daial
Lgad LS 1w  Aoad b s b elsed Aaslia o palind
s ae c¥laall i ol Al Y gy bl 5L
JE a8 ;e dagh Lo 138 5 Jage 4 aa s o sell daglia i (8
Ry g1 3 gl ag & il ks o Jal (e 4 4 JLlle
ol st e JaSy il £ aag Y OB Ciun,
FIA e 66 o Sa L g pa o) sel) (A el

39



e (omdly) Omelsd Gl Gaaid Glaliad) ol
Lo oS0y (Al o3 ) e oIS e o Il ¢l pgaly
A e e lease A 6 Sl 038 la 030 b candly sl
ade 58 A jlas e Y ald (O Sull) Al Als 8 v 6 Laxie
S a5 o i Bl S (g pmall IS LS 13S0 5 .48 5
Al das e IS el U dlas o) e WS S
Apladl ff el den e S S o 1Y GBS Al
Aagi g oluatl bagid 4de g CAES) e (Linf (b g dpa )
wandl Uiy e ) (RSL 5 Al Laalas) ¢oyigil GuSlaiall Jadl
ot (AR Lad slewdly o Y1 Ciadl 548) s AV, (LSl
Bley ol Bl B ol 8 Y (Jaxs S g e
Q) Gins of 1Y ki (sl op 8lledl i Laie 1Sl
AL e G Y S ad gl ey Lokl B Lk el
cuat Y L)y Ald Y g i LS dad)y Aol JS Al 238
Cabual Lo g () 98 Janaly oo Lot uladl] Jigadl 0o

plea¥) B ga
a5 Leoms A laall o b 4 (B JLlle Ay e (S
1S Wayans commy n s A e in cbagee A gl JLuall
s e Y Led pil Jal (o 4dde Ay gl GulS s s
(g 4d S ol e ) O Gpm e S A el )
oY) Alia 5 S adas (K1 o DU e o ias OIS i ¢ e sig e

(RS ZalSY ALY dpansi Ll (3Lt
40



g g 305 L 3 DB g B 3 g gl o e
o V) 2 ol aay of Lo ¥ Jiud) G Sl Gl yal Al aa
S G el gani) ga 138 e s sl Lo 1Y Lm0 5S
6 ¢5 by dasiall o 513 038 all il S 15le @ Lle 4gal s
Gns bl #1ad Jabs o (K Ly laie €83 e Y 2T
Jille il giase S e Tl (<l S ) < S0 gia Tl o Jal
2 KU saldy 4ua gl Al 5 Heaal AL Gl fnl) piaa 13
ap cua Jpasll P58 6 S cuad Gua dpaal L
A (A cded @j A (U canly o) 5 8 (B 8 LSl
gy 3all (fd 138 ey o ulll (UG 13 13 i gmu J6 gl
Jslii 13Sa 5 . Al o 23 gl 5al (e A 13y AUS By e Ay e
sl gaal AT eley posial Cand gy stiar e clos
ol g o snall xib gAY Al ey e 5 S (A o suad
el (s A siall @lel a1 U s S0 cliay Ladie Laslg ()
i ol Baclusy Ahijad e B Ll el aesdl
583 o agalny IS dia Y Ailia) (gl A aledl Gualidl
Jlo finsa o aliia il o GLdle g g pli ..oyl 30
/ AT G e e JED S Lt ) sad) i

Adlusall 300N Aoudigh A ad) caa da 5 Gl VT s3a o (B8an
o (s Lysme 0a3) ) o) e o i de ghika)
@4=2x2 (d=Ixl 1L LS Ao ghitall diluall M55 ()55 4 3 2 ]
B 25616 9 4] gl 16-0x4 (9-3:3

A lh o gl) bal i of oS
41



Qs lSla aSin I L) caipud ) dagll o3a @iy S,
£ Cuny Gluys Bl gl 5l Jlo gy Cus cgpliial
Gl el diy 3B 2 ey ooy g3 Jaadl 5 S ki Lodie
il e f S €A L 1Y dmaag cba o LU claad
Al Aliay ey O el el ool cAaliiie Ay Jual gy
ober S 63 dly ol e IS Lo gag) opeall Y (s sl
il pal o Alalill il 138 Ll (Sl i sl
O P e i IR PG PR PR T A PO R PE: IS
S e pial alll il o S, aUsl de i
A€y W5 Tane 4l 3iad) 481 ol el cyba Cua L B - x
e oy g 5_S0 of os sl (Soe Al la a5 Lok Jif
s Adlnal) ey ST 8 O Ly i 19 Loy ¢ Sla ]
Ty AL clgiad Uy olf LS gl (i o
bsin OIS Mle s sddl S LS 4 X5 S ply L) albada
200 Y V3Ll sl 5 S8 dCelad . iy . Lle S8 13Sa 5 . Lay yus 5_S)
058 lavie Al ey dAa 90 Juall gl 08 Lexie dagill s3a
%40 %20 Jal (e dasiadl Ao Ciye S 13 SLIELE (g s
A 135 %90 Jal e ol Gy (e xoai Y 13LE %70 %60
ald ol G liel Al bl gl old Ll 10 oS
dale (Sly Al il ise (e 1ol il e JSE) gl gl
i gl A Cpaedd oyl Lo sy lde S 13 ¢ o8 JS 2a g
die ey 13 S Bhie it o€ cgalall Al o igs sk
08 e Gty il 3 Al 1 81 T a sl Sl
sl Lo iy (& ol el Gipm ol GLillad L Tas gy S el
a2



i V) 4d ek o5 Al L Gualall A0l Glasnud a1y Lale CRSe Ay
CalS o3 i J Lgia Q) Y gling OIS A i S
il 1 Latie . pgill LIS &8 o Ll 128 Wl i) b 3
o Do Lald (Tuna s 5 3leal) Lo fin ad W) e
Gl gl de e g oaldly Clalayl ada, Jsb
o Aangl aladiul e aell cGisns Qe Gn ANEY) Al )

i s e A i g ade 5 sl 5yl g Liad

paad) o b g ol Y

Sy gy S AL e ) ke e cas a6 Y
D Ao g hagiall 13 o AR o gy alua¥) bagiu o
Slo i Y alia¥l bgge of (ol o i e W aadin
M3 e il Y agiall A yu of b o8V e g1 80 ) Ak
e deanin ABlee 338 U 5y a6 s Sl
(RsHy

LY diw il e g Y ool ol o JAl Jase
(CPRICE VPRSI (I ONSOIN 10\ RS NV [ B FEQIVOUE P
oy g Ainbiae Al LY @k o Ll L Aallad) 5 shad)
CalS oS L) el VT sae o Jseaall (e Jame 8 43 i
S clisie Bl e BY ) setie LY OIS ar L olell delie J8 (e
A sl LS aglal

Jgmy 1992 s wom e oSl allad) allii Jga Jsn e llle gllle
1992 ¢ gas ¢ gl

43



O Mia e B oSle 5 conll OIS Gde ad) il
GO aed 300 Ay oy Y abaaY) dagin (fy e e sl |
g il 13 ce uall Ugls 2 5l call Jagidl ol gl aus
déeﬁpugﬁﬁae@wdﬂo&-am)ﬂb;m
f)hc&umus@uwws:ucyou@yt&um
() sy snall B3l 2l caay o Y S OIS g 5 il Jaaly
Milo pus lakiy 3 Giledl o glel . Laf Joadl 181, el
(0o mise sl) AR GO e 58 50 Ja il (e ) pe Aauiliie
S Ol g S @l oY lamaa poidl Yy s OIS
O el 4 el L aal Y sl Y o€y Y JLle s
A yme o 38 Laaie 05 of ol b aadt calS gl f il
L i) e colal e Lind aan 1385 0ol W) L Y 5
Lgaadt erJ‘ daii G Sy Aujie clia s dguds 3l iy
lown 7 10 320l S sl aalall llidind Lede calld
zumeJag oad Tl Alla ) oSl Als e e (L) Uy
ol Gl (3 .abgiu Aaad Ma o patal Gel g e ae Gl
e U g 2y Lammis Alluaall i S 20800 50 Jliad ymym e
3gay Juadll T Aliasally . ghauf Tha gy oS 4 e aald dlee
Qi by . aeosl degd 3 (IS Lo el aila s chimgial ¢ Lila)
Qb g5 -paal) e a3 o 4388 e asll Gy Ll ety
(AT adle iy S sl o contas A 0 Blaf o

(35S gl b Ml i 8 (1292-1220) 068k A s pnd I A
Suaall Sl il e 3l

44



adaal) Sl

sl e 4as oo GMle sadul g B lmuy)
Al cdshlly gl ¥l e eopany (53 aua AS ) e alglud S ADL)
o g lease O (il (g snall G 1om 5 S0 bagiu (S
A oall o o) sy o cSar oS Bl L laai) ) siadll o gaY)
amin Slas S Loy 85 a A8 pay (Bl (g sl Jala ¢y i
Susar QL (g snad Al plE Al el 2y 1S G G giea
& L e e Jad) s 80 O of L Al dlasuly ¢
ke b OIS gl (S ol 080 T laa datie (2 Y1 e o
D31y aiadl gulinns Lo Slitene s) adaal) AL jlae LS Lle
A3 S awal 13 e s GLES ) dead 1Y) om Sl gl
A i st 1Sy . (Makee iy 13n Lo gag Cind) (IS cpa 3l
Ll Tk Sl 558 ol gl 4uidi sgaly (381 3 Caslie auan
5 K8 A s aly WA A8 ) S el et 5 S8 Al lavie
ASpal of 13 oSh aatYL Gy e L Qaugal) clS L LaBls Ga
Lo o 30 A LA A all (o cpm b Aaliiia Ao aai 480
Lo iy — Ll Jogiadl st ol Jlad oo LS — e JS2
5% Y ol il e g (1. 2 JSAN k) 4@y A< all de il
o Bilay Ay Ao juuy Uigiie Laca ol calally L lgilalinay dadl
al 13 14 gkl faa 50 1385 . 3ie ol 43S0 (B jmy a1 1Y) Ao pud) 00
Aaliile AS a A Ly adld dabiiie AS )8 b s o 58 ol ik
LiSlur ,ay Lislu s 13

45



12 gea
Alide Qo jun £ Ad o GG adaa ALD (o i) JSAN 1 (B sl
goial Gaj) Ol AL Lgai (A Adliadly Ao puad S Loga 4 Baadd
AR cls Al LD Jua 4adl o3 (ul Akl b oY o f sl
A gLy

sk U Aol st ) o L dSoad 35 Y sl
A ,al 3lan sl o () galtiay 1S (D ST (5 ATy slindl
Lad S8 @l (K 8 any ailh (Slu aua o 558 ik 1Y WY
.asjdiggmp@hsuiugjﬁwﬁu:@

LS a1 Lo tdels s (Liad lll o and 3 JLle
e Yara 1o o elgdph Qi Alglall (548 Gl 7 a2
el of (inn 136 Lealad) cp i Ao ol calS 13 §81S0 ol JSa
5 o) Al b e el ail gl Lol 1Sa e By L
A Al oY e U8 e 55 o LeSe f dede S5 auilal
fae el Cojmy of s cali€l 4 g ) ae ala JSE ax
W e Lo s f lld cpe iy - dnill )5 Jodl gm oLala Uiy 38
AN Hlue st 3l 13 cJalally olady) s o W5 A8l g s
1385 aun e pu i gl Bk lgle S e Al

46



oladl 8 5l Bk Ladie Aall & Luty aic g of (S gl
(ol B 0sS Lie g oludll e SN o gedall 58 g) Amdl Ae il
Al olad ga Ay gy 5 sl s Laic LotV 8 1 0055 of (s
Uia 13 Ll @lld (pe it of ki o(ihania ic 4 yali L 8 4)
CH ol e Al (S5 40 gae 558 cAaliiia de pun ¢l ann o
iaa o cps dlll LIE agh By Lo 1 lae iy Cogas sl

e S0 Cum op Diall A8 a juiy of LR 3l o3 Canaw
n aall a g o b oSl Caglial el snl Bkl 558 day
S 3 1He Gy Gase g S Leine | jlas &S all B
Ol b (s (1S sate S 1 Al b i)l 08 s
AT Tase GLZS) ) Gl 00 g 658 4dle < 313 V) o(LSLa oS 13
Sl dgaasi ey fd2e Linf 2V

il g oy o5 e Aoy a8 el e U i)
19 ¢ madl ainy cpad) b Fanad 138 gl o8 LD Los ¢l 5e) 3
de abi o) gel b Cagiiall anaalls Y sl AES )l Aoy calS
Gl de yu ey ol 348 adl s ans IS OV T ladl e
) o pall Ay 55 405 el Uit a g Canl A Sl g
(lae Do anp Y 4l Jaill daad Gal ogi 13 oL@ g3
S Lo ) L 2ime an g U paca Y] S5 Y A pn3 S
leld 58 <ol Lo 138 5 nh e pudl (63 Ul 4 oY1 gl al
ped 113 L (Laall o3a 3 SUE g ld 1Y Y1) RGN e (e pd
i)y als olld agd 28 OIS 5y sy o saus il @y JLle
G lauld aal 02 3 Tasdl 138 quzay G 5 ¢ e

47



Cighaal) (g had) (4 gu
(ohlle sy ale 1642 ale 8 1Ay 8 Ay e ela S
3562 4e geaa — Kabbal JULSH Wl8) (5 3 Gl 109ad el gt
e ad culs (A e Al @ padlatul — o gl ol
aialy cule & a4 Cagad g Al 5 5 oy & cdag Fia
algb e 5 e Glaglea Y] 340 Yy Btae Qe dana ld CuilS
Lo . SLaYl kil @l o A ad et e od JS OSU el ya g
s o\S Eol ae e adl ga (Al XS5e jian (e Cigre s
Ol e gnSy (ian oo LS S Lo Lalle y Al
o) Cpad GlaY) 13 ae cablaty 29 o el 81 Al o2
S o 1Sy ekl by Al I8 e 0% o 4 tleglyl
& 1l ol ‘Qujiw‘dﬁ@gﬁmw\gsmﬂ
Sl 4 & (e e Gule S agi) 4 aa Cpane ol
Sl Aali g capuilic JA AT Al 0l sl il Ja
Aloaly el e Ll Las U cam gl ualeall fdall i
sy omb I oale galsa Ay e Ol S 4 caliel
Jaadl 3 Y1 5ud Y ¢ ina (I (il e gabo cG3lie ¢ (male
A Al Ju 1Y 5 Lan Y @il ol W ey g
Yo b U8 caaly M@@\Gx;@,gos)mu
Logd oS Lad o jingg eluall o S0 IS 4 g,..w e 4 ey
A 25 LS Leae (@l 31 ) el ol Lagie cpgie T s
sl (Oland) aliial g 43 jlaed ccalai e Caagr lld 3aal 5 (e
ol pa g QUi LeS iy i g AnSes (g Cand Al Tah L Aaalall o il )

48



i 5l e G IS Al JW e oS Laie cpdiie e iy
Ao g 483 Basay il "R L Leie J& oS (sl ) 4l
SIS ad 2l (Sl clena Laaliie IS Loals . HaSla 4l Jand cilS
Ol el Xl o lgandy OIS RN e Ak leae sy
Adbide a8l gay il p e Jganll sl dalay oS

Ol LS e OIS 388 Al dpadd Chien O &l 1Y (Sl
o G Lagia S 1 adly JSin 53S9 L ola ) S 3 ol
sl s L 52 ) e Thaale e’ el S 1Y ad 3 AT
i Cumy S0 alal) (g5l it el aide Y il 4ol (ade
atlise dud 3 8 Gaai S L)) e Lo Alaad 8 300 of Lile
Sl 8 4la] de Ua G gy Al Ak A
(3 5 Al 130 Alia BaY 4d) 25 )

Sl

Ao ale I GLe oy colad i I Gies e

L oSl el dgae g A lalSoddl oy Cigan LS ol
djie 08 af s Gl s pmae W SRSl 3 B oglke sn
i Jsil e Loges oSl 1 Joa Jsbetll gy DS gty
O Laiy Al 13gd G S L AKE Cunall ieally SlalSoall
b ok, e LSl ol 4y 910 Jdal e Jed 1l oaa e
Koy iy AalSall Tl BB ey 1588 Ll less fis
e Aihal 3R ga by pud gl ¢ (LS Lo il

p> jiall .L;n.\S Lola ixay '
49



03508 5 4ol lS LS ady L ol e yuayy ABSH o dagudia
S Sl el aayy O e gl CalS 5y ABS) S LS (gLl
Ol my 5 my Legiad UES A ilall Jel &l ¢ ol gl
ALl Bl ppe S g il Lgeyon deala Jilad 55k
S bl G e S lghym B F= G L Lo gy

2

*

-l

G edal e EOB bl e 5 mee of "shall W 6

g obd bl Gl 4 jlas JaSl g daghs e ooy A Ala s
e JS A 3l 10 50 die e o AT (i 13Sa L akuy
oo OIS g oY Bt gl ani o 3) 5 el Aalinl) duad g
Aaulall 5 ghall s JoSl cladie (AN Qa3 Y o JE o
A 418 3 L ditlaay o8 il 5 181 ) 4agd 3§ Ll oS Lé
L) Gl o peball 138 dapds RSl pml )l el fla 4T g
Gl Ay o b Lediad Ao jull dejw gl g bl o
o 30 culS Aol of Sb 8 e OIS Ll Ll Lo e oy
o L el Ao aspie Lld pgs o) 405 Labual) bogin U8
W el o o Aadh 8l dd paly o) Al 18 (e ol pSH Sl
353l (e g 50055y Gl el e @il Sl G pale 28
ot el 1S 1) W e 1okl W) 2 Luwid e
A3 s st g ol o GBS a2 e el Basl g b de sl Ailudl)
b bl Lol Jad Al Akl o3 Joa gl B2y (b Al
G o2 gl ik Jualil) agde Blht Ayl el Sl

el i G olegis Alualill A8l R kS e o puim2 < mi

50



3l g saian 8 Aas LeiSly ¢ gaslly sl Jesu ol 33ae
lie by Oull i A olod Il ay bl Y
de pull a8 1Y el e ofiela U et Al aLally (5100
delu A1 e kS o ptal) ol o3l 3 LAelull 3 oS50 A
e ol ilS 1Y ol siask€ oyl AR Aladd Ay el (5,80 deluy
Gelall b e kS ol g A 1 slS g pdall b delull 3 2520
Job o Gl il i §) oSl dladl e S e el b
o At il juu Caakid 35 301 1 e sl€ o padl of ) sl
o) ) sedll i gl adadl 4883 30 LAakaal) 3y 5kl o ol
kS de Aaadll ol 483 305 (ousl gode b pladY)
a1 Caony Coguad a1 1 e s ool wdad Jaf Gy s 3 Y
Y el s Lnf (agy olage Y Sl i (Say Sy
Sy 48 laa 5 b ddle Lgel 13 e 5 .ol g0 1388 5 20 o 3l
on o cKay SAlalil de yull g ASY) Agds)) de ) aaan
Lo ascally 1385 Ladkad JS b 4oy ¢ lacl) Auully Loasis AaSladl
Gosbl 43 L Jualil) il Gpans Lgole (Sl pualy 5 A1 L (3 538 0 S
o il JS15 paaall il el OS50S andty clua
Jaliall y o ol Ll & A kil i e Lges oSy
oxl AT edae o S5 (S clia Agilt LSty (ALISH dagal Y
s Laaoal Ly (Valeia (lasgie g bl 5480 o Lind (555 pd
A e W as all glas sl o ey sl oS . _a30 Gl
bl g s sl of g cpas S A e ul g sgd of ch

Al A gl Lalidl o ggdall a 138 Ladly ©
51



S8 ABSH 4 (ashll alay e (19 aaly Jelad s oy JS
(S o aa JLsal ) sasl gl lie my of oSay o Aol ALY
(Jedl) nad) O e (haw AR saslgl gl & sl 13
o sl 1 g oLl Lo L 5l o lal 3145 5 ) Lcasal
s Al 3 A Ly (LB A iy Jela) gkl
L cal . (m) ALSI L g puaa (a) £ ol Jola (F) 5680 f F=maa
o 0¥ ¥l des sy el fGaue Y ae il ASjay o
Clua LS Ge iy Ailall £ 95 (e il B8 Alle el 5 Yl
Moy i U salee st sag ragh Ohfim S IS 5580 3
B dgalall 8 e JB Y ALY a8l wian o Lo 13 Littau
et ol oda o La 3 s alual Jon Apalyy duia b aag
o ol gl sl e Waolagy and A (5a,Ual) 33 (5 580
oSl s aiie S8 bk bl aiadd o] cand (s
IS 2% of Gany s sl s o fGDU el 4 yaally
la . S0 awall lic aaiy s dadd) 38 A 5 o L adll e i
s Grass S (sl lall 8 AEjhdl a3 ) e DG Tae g
A jrayg 5l 028 dafly aua L s A de pull G Ayl 2D
8 Ciymy OIS L Apalil o3 (g aadind 5 AY) Clus Sy lalas)
psSae sl of A el oS Ay cpmY dss el Gl
Al A b g 13S0y el e a1 ala g3 sl
et AUl e o a1 Al 53 Chall e o ¢ b plally

2 \Z
¢ hill ciuai R dus) sa=%—Q}SgéF=m.a J,;iD\sJLﬁcLU‘F=mE '

LA Y ARSY o Jaadll (A yull V

52



GV il Clua Y Gl gliag ¥ ged JAdasy 43k die e o
A 0 S s ) e e IS e g YT e e JS Al
Laga S ga (g8 535 il cLagia JSI 200 AKSI, ARl y (S oS0 Gt
A8y g i STy Al ) 5adi A b o4 5) Jelll il g8 Baukat
Gapa Aaaiuly eilly gm S Cladl 58 Clusy 1S L (Buad
doaa Al dagll )8 2 (e dadl salel B Allg) G
& ol a3l (e Laiad 3l Aaliilly s 5 3 el g lele
oo Tlael Ciguadl) §olall of aag @S0Gy .Lobeal e
o8 Al Ly 1550 0.0027 50 ‘(%=pmsm\w
o e g pe gl 3 5l 10 8 Y e i g lal o g
ol 350 3700 & el o a1 Lws sl 0 5580 13 () 2
ali (B 58 Gl 3a g Aalild e ) Lyl 5l @by
oo S o) AS Al als RS Jad 1Say L gk aly @lld agiy
13Lal 1588 diela L sSan a1 ()0 of ng (S prana 13 L Aalil
A iladl 58 ¢ o 45 a8 Adaall ol b fAiLudl Jin Y
Lagiy Juail () D) g oo LiSe il Cpand O (o
13 pa ) kS cial e 60 b ey g ¥ Gn Aladd
i e b IS g3 CDIEAY) dale Luji s 138 .3600=2(60)
L o Sl oda diela oS (Kly umna O 1 o cdagilly
o3l pa Ll ASladdl = U yuas 5 skl osal 5a Ly — oy
bl 5aaly ol gl ¢ gl (i Goan e b deed Laay 138
& e sl o LS e a sa Leie aaly e e o g
B o a8l e gal G S @l e iy e An ) s e

53



L&Y e gl 508 im0 58 b caai o) WS L&D L.l
J(2:2 Jsal i) 9 kL S e e g 5B

38 Jgie i LES! e GaY (fas Aggps Lo JRI e 138
slia 588 o Jaadls Ulenis Al @i celty 56 cdigall Usip
) s el g ol e oSy o Y lgah 8 Al e
A Ak g el Lt 113 Jal e Cnisase 2 09 AVl

a1 SR Gl g B P ol el e S g
i) Ay Guadll Jom SIS S m (et A ol il el
(4 Jeadll 3 L) 25a30) 1610 ale A IS

L] ) Ll 130 oyl 8 alodinls o sand Lo sl Lo
o 81y a3 Aaadl) culS anally L LS o 68 1 gl
(g pmnll) AaallaY) il addl SO A8y Lty Und i el g
S lgie JS 3,90 )y pmeddl e and dually Lale juy SISU
S aSles (adie) ol 4k lual ) AIS 4de (g Apes 1
Kpa IS5 a0l 13gly cdaly (IS 3 ookl GuluY) 4l Cuedd
G g Cmn e o GaY gl 3 el Ll Claal)
Ol oy Jar b a8 dgac s nuld lgLal Al b (S
Al i (S1 S AS g abua) Jo g 1 e Gled Gl oy )

580 ek (o 5 pgkam 53 g S (398 gl 50 o pum oala g Lago il
V) 5o Lo ool 138 5 .La ok i g ye Jho 99 cpls LS (531 6580 ek
AUED Al 3 i ) A0 Al o a3a Aeadl) Lk ) RS 520
sl 50 cuali Al 2y chiiad Al 8 5 SH S e 8 ol sl aual) AES o4
radll Al

54



2.2 g
On o5 iy daly e g e i Aaja 4l pliilly Ligda lada s il
A @l e gl s Aajad Jaiy JSdia) phadl mas Cuie wy e S
o Und i ¥ N 2l L) e sy OB Agcad Lajall gl )
Aigudal) 5ol o clgud AaSlad) o eVl il ADE sy Ao . (Gashl
i oase el i adally 3 =9 2 = 4 o Bad L9 o A gudia (S

55



F

S LLsE e S (A dglay o ag) Gl 4y Ll plii
TR N [ AU I PR R0 P
Alall oy Lo Llle . Agiladl 558 ¢Lgmis 200 50 548 ¢ jedia )5S
sacld oda Adgad ST Ak 8 laas g saclie alie on ol

galad) adill Ayl

By (e 3 Al

baall o 55 (A agdy al g6 cmny LS Ll ) Gud (g (1
ol (Sa S fgal ABS L AR et Al Ay g e
e flia 2l LSl agdy ol g aSlIL € dad of L W "ol
sl A e 050 1A (B AT o s e LBl pn iy
i Y i b€ Al i ¥ Al p b gl JUil Lgw o 3
astall LSL LanlSY! paui b Millae Lew Jiy of A8l 3 ke gl
o Aokt CulS 1Y Alatie b gl (A i Aok laally | guad
| slni a1 5l8 1S ¢ uadll Jsn LelS pen Cogu p il (8 Aaaia
o A galall g A guunall 5 Al 5l (LA (e kg G lS Ade
oo OB o aaidl Ji (S AT ¢ U Gan g

Jisigy Grass AR st iy coehy (S pl Chan il
bt Gl 5 sa peis Al Ul Apailly W o3l 2 1938 ¢ e
1a" Jlaidly ccllaadlall juudly mawy 3y oo il 8 Gl aag
LS bl (35 L s AL o ol 3l oonlins of canss "prinaa
On o My askadl Gkl g 058 B GSall Wle (S (Ll oies

axsho iy goees—a il 25340 3 alaa (e Bawd OO e il ’
1977 g yselS Aaals

56



Aol y cael gill ki oy i Y1 cony laun oy Y dGgad ol
uad S s o ol @le Jealy G Lcblasy Bl
i At by o pmadll A k) Ahea gl e of Ulal S as
il 1Y &l .l 8 i AgleS) cdlelinl bl agal ddla
Aagal) rpas o Wdle) o 50l o Jeb ukall ALG oL 5l
Ailaall a3 0 Cglie 1adadil) 028 prpia gil Y sty $Banll 8 AnalSY
Adladl cda dap Laie h; La_‘y oally e g slE s
e _iz_ sl 610 o 3 2 el iy Adluall a2 ) 13 13Sa
Ji ApMall 5 8 crpman 138 13 .0.01 <0.0625 0.11 0.25 ¢1 _jaiay
bl g lan 158
Ghsdy Caigw DAl s dliag %l o3a Aanla & Lo (Sl
5aS @w—; Aadll (8 ¢ Gpana G ALl (Bl Laie . il 3udl
Zaluall Caailss 13 1388 ihihihhy@;de_;wi;_,.
1 1

10000 <100 4 1 uuny iy olall 4 — 100 wcTclg__u.ng

AleD b 0 Llo sl Ll $0or Levie ol g (as
b G ALY o ! e Al Gl 138 SAALEY 58 e Lo oS
i Aghlly A s ah sam O la Lo L2 o3l
o ol Bandl (3 (S5 a0 haa i Y Jaagiig Leluhaty ol 68
Ay Aida o3 ol (K5 oLt sladl Aagll ngis o 5 peal
ol sl Adeld e oy ¥l (<0 LJN 13 oS eld
oud Jb (e 4y chaat Le JS8 il palitius Uged cCyaall g s ga
= Ly ilise — Ly a3 oudy lilee e o3l of o g1 L Lol

(13S0 iy o sy pandl 3 sea e a2 L A )

57



(g 2 La

e pf ol e Buld Qe Osalue Gamle A 058k il
G Vol i sl ey b e Jedll e kel ALY
C Oskiey bl g i L el LIS Sl cpdl sl o (Bl
e & L Aol AL e dadl JSSL aisaliyg el
s AY) pandly GO @ 2Y skl J elad @i skl
se Gpliaial eladall aaf) GOLY o Aa 0 SalSia maans alall 138
@ Oenal Aaa gy hel f e o adlll ki o0 sl
aag )b @l Gl o aduiula(OlSe e ju ALS) 3aame L Akl
thaa (Sa ol pian b oSS ASjad Al Laf y ualal
i) Jshy cailag sy 43 punlae cmadl (el g8 Laie s LS
Uoealm GO dmay oS Cflaa IS 8 A el Jead 1y
Yp claalue S " il o3gd dalay cud U ADLY cala
Osthy aalgd dualll e aalis o el Gl LS GaSalSad)
S iy Lgle ¢ puall G Coge Al Sl Jie ana asalic
OS5 il o3 5 Ao yully ASY e Juals oo S AS el 4uaS
casp A agh LS Jagyall ey 6 A gina

aali 2Ol A5 b Guaally Tjle Laal 3l Laxie 13Sa
dJad LS A all e S lgre Jead A dialall i e
tsabaadl 238 ums @ (L) ABSY Y JH ) el I e
oo 1omals (oSS el sl Al b adall bl e
AS ) By sSall (8 gl A8 a duds S gl 8 0y yude (il guad)
Ossale 4 & 5 s (il lilSie g aaa e dlagy el s

58



elandll O (s oS 138 e Sl agd 35 o (g | 1S L
03 Jpealii 3 Jan Y Lised il oGl oS e i cdpsls (JISuly
5 G o G b s Lyl o sl s chaiaall (S5 48 el JlacY!
el ol b Ladliy ke 138 JS IS 1Y oS1y Aaa Lglan (530
Dbl cdla )l g YT Cagdl ool o3 Hles I3l (de
Saapsill oL, 5l

Gpali s o Gpeae sd aluad) bogius Apilads SIS &)
e 5l ASlSn Lagd pgls ¥ L ¢t (s fhandl Jle 2 puae lan
LS A ciiladl il o Tiin ol (o smiiy O pil il Agilall amy
led b o(BaY e Cantin ) duphline g SSY) yguSle Sl e
Oy pgd Al ki 3 it Lea 5l LS ¢ gl Aoy s
o Lo oty (B san s pedl () gainy Cun) AN ja) gl 3 lgie
13ad GaY (5 iy g pad) ADlae g olad Al Yl
Miall g oldlad s Lui $ (n Virgo s& 8 g s sde Jue Al o(lld
08 o apiladl o L ) G fadl e &y jeae )y (e o ll
Ao ) Gl dagay dniall LA Atliadll 5 eladl)
D LS Gl Al Ll

DY) ey 8558 Ay Al gual 2ad Adge () A L
G S o Slaglaall Ji Cinan Al CYLaY) Ll g Al
LR PP I SURSCIICS 10 51 5 IO PR ol ST WO R S
Ayaile 1y alladl b cilals JS o 4nii agll elue o gea
s A aldlSy pa ) S8 (s e o Cageall Flpud S psleldl
) b Y s L add ) gty s D ecd

59



lehmiy A coliaill (o 835l ) guall Afliadll 5 ) Al Aoy Aol galld
ke OS2 Aliall Judlall 5 ¢ ladl el A5y aalaians « ‘;ﬂ\mu
A_A).J\Usﬁﬁwémmswu‘uﬂu‘;;&mauu
sty Grap o Jlle CULESY 8l Guls a Al LY )
ety Gl GSL Gaew Al A8l Slegall oda dad; & S
ol (Y cBla J odgn Sl &3 5 8 oS5 Muadl) Lika slaie 43 jea g
Glaa Cua (5 udally da ) (I Dlagall 0329 celiad Jla ) lgra Alala
3l Voyager yals ciadl )l CDla )l o3 ASsla sl 5 gal
Y el Ciysad il Lle cpode s duad 3 Lo utid
Load e o s alle el au ga BB (el Jlad
el U8 Uiy Liaf g elaill (805 Aiia ranal ola Sl 5o elinil

c Al (il 8 Baaka
) Adba) g $olas (8 dmia gy ria jad (DU} (Say aS
oa Y haad Ay 3 e Ao sy dxdd cany BB of g b aladiuly Lo g lis
SEN a8 AaDle e pull cilS 1Y (la e sl gl Y 8
Jsn o e b 4 58 (gainall Lalll) B o ulans oM
RER COURKP- e - VP -CU R P PQUIS IR UM [ T RV REP IR
oyl g (i Yo alad 5 guian Jae ) ol (58 Jas I eV Zlaad
O Jadl b e pully Aibadl oLy ddse le b ad i
Jsa sy I el Ala o LS Lt Jad o6 Laie L Lalia)
oN Ao gye) BUY) v depd e Ay ald oYl
al iray il Chal o A guie Y1 ABS ae Agaliia (a5
o 2e OIS b S laall gy & shaadl g a0 4y 3 sall eyl mtsus
o laall i Al JS5 Laaiad 63 08 de ) (S5 a1 13 5 . Liabiia

60



A mitie Jae b dld 0 Laie Juany L 1y e N
) A ey BT Ao pu (b el el ae dlSalL
baa 4l pmiiie gl Gl Sl ol ade 5 . Lin 55 g ) e bl
Gl e LAdle A8y de ju dade e 3D @) ey Bgiaa Bl
Of S e g 38y () Aaadlag g gesd oy Aliaiy (Kl pas Ulle
e Gl Thadipall @l ad g 1ley - (OpoSuall 1538 Cany 132 )
aund,mg@;;q;‘whmﬁgbgmggmﬂ@aj
Cahs ¥ Opedigal (8 13y A Y Al 58 alasiul a5l
el DU Y S ol wllal e ol B il D e Al
— el ey gly Cge Jlae g8y «idie 5 e () il
coablal e i ganall el amsy & .Orbite-parking ol el
Jadl l3a ey il o o gl ) deas an Jglaie
sy Fasbe Jomy ol g Y e S sl Jlae alday)
i) el sl o lae Y Ll wday b 3 se IS0 il
o IS (8 e Lo yaninn 2dins sl o34 S (3.2 S
A el b el e Liad oSy a1 JEI il
(383 aSaty da pall ¢ bl il Cnt Lggle J geaal

235000 gl ) priva e SOl A Lay ua s clally
o2 4y Al (B Jiasl€ 3.07 ) Juai die ol a1 0o
B pa ¥ dsa losal ey dlall Gl g LY s e g de
s dela gty ol el e T adl gl el 0t 5 a0

V2 Gl dasity

5059 Wy RW = Viua | s iy piaii of Sa g -
.TJ}.\.“/;.\;‘;

61



3.2 Jsa

-h.Uu,;\J.Q J\.MUJ\YJ\M‘_QEJ &J\MJMM&L\\.\#
Gl gaa) A 0 Laie il RPCKN IS VRS I DR [ SPPRLI JPTR ¥
( e A iy (283 ay AT Juady by

4.2 Jsi

7 LASL‘.uhiFJuJL\ oo ‘5.\3\ = day all QMJY\ quA“ il \A.u
mwhhahum_ngY\Gﬂ

62



oY (e dwais IS (s S Ll (i adle s L S5 50 (e )
Ml o0 La 138 (4.2 83 JRI) gl ae b e pumge (IS 13
YEPSTON | JLJY\ sxcld) Satellite géostationnaire }{Lg‘ e Lam B
[yl

lie JS Lelumill S pud e Limay Ul elilSuall ol b caplial 1368
CF 3K Cuaall W Lol Al aladl o geaady eliad Jlay aals
Aulead Lasie Ll (S0 Guniiall L1 (pe 3802 15 (5 copaill i sn
Ay Ly Lde 3 datl (Sae e cia 4303 aay 13y 1S
CS b lilia i § g phal 138 Auliagy 138 Uiia § sumge
Gdadl andl  Juad)l alail aaad) aad ol A Al sl
gl el st g AT DL peny aina b B 3 my 5 SH
o5 s b e s ) cnd Gandl o s eliaill e e 3l
ity o Juad¥)y Y1 (Y AL \ U o yad (po colind o psiy
Loty WY A oSy Al (50l Jumdy Ll 38 Alatana 5,5 5
o) s 4o ey Pl afy Cogm 4l (Bl x A ausy L
angls om0 Al Flall A Lt el 4] (i pusadl Y
oe Cuaall ml.wdaswm)&u@l\ adasill o2 Jsa folal Al
bmmuungutsmvu,uc_muhwuyu»dm
o smaall 13gs ) Sise il o (o) Aol dngad) lan

ol sl S falad Cny ) Le oS &I L3S Jal g
coa ! Jsa eluadll (e DN (0 & 5 ola US pass (o Y1 Cidad
11 e el e de pu 4niy o 008 08 o Gy 4dey
) G ) il e e Gl A s A S s

63



Y AT (S8 ai g g laall 1n U o (L L 28y (a3l
A D A sl da (Jla gl o L adind . il IS dy
@ om N Usn Jae i g bl amgs 1ad Losae o Y1 dnilal
Teedle Am b afini & libe dic Waad g3y call —ladl
oy Ladie oz Y Cdall (e il 1Y (S SI Ayl IS pal
— 186 4oy Caitd (50 Al 4y i L) ailiSiul 3l (S0 Y
drdag by o dlall @S g0 SN (e sl (Uunall) Bl
Cigll s 13 S 1Y 1yl LSS U (e o) G e b
& oS58 e (Module) kil 3189 Y153 anl g lld cegall e
aaild Jadl Y dile)y 4sdn pas¥) e psti calee Jlad am
o i oa 1 Y e 3S5a) Y eamy of Uil £y by
@ial Gyl (Y s 5 a YL S S8 dasid all
P S S g o e

Gl oSS A a il o T S 8 elad
gl @Y Mg A Lo ang gl AaUD @Dl Qi 5 el
L il Y1 L) .y f S 6SH 13 ) Guae (U 4Dl ld
ud Al con S ATy ol nsSh el n o agdgy cumd Al
Gl sall 5 )08 dagode claall (e A a L eSO L (Fign S g
0o eombal) Lgabite g Agliaill LAY oda Jidd Ay sl
Lued e 3 (52 083 ki) Ll als ASalSull dald
B yataall Cila glaall e A Cp yie

(il GLESN) 5 ol pa pgall 1 s (S1y pan 138 S
o1 oS! L (i 32 4 508 £ e e seall Led

64



URANUS

SATURNE
8727/81 1113/80

SATURNE

/—'8/20/77

JUPITER
78/19

3/5/19

JUPITER
8rom

5.2 Js
P Apandll Ao pardll a gAY 1977 plo @l I pabigh Gl s
S o)) poliy Guay Jlaal) B adgs el OIS S8 e pladl S B 12002
JS b JBI OAS gl g ABlal) J5 Jab ¢ - AU ) JESD o5 du by 0 s sean
LaDle AN ) 3B & o B g
e il (asd Y e sl . a e lua lehad ) gl
Vi gads @l oY oY Al 1 Gl B el il
A8 el 4uaS Jaiad el Tasall 5 bl colidall Al L L elilsal

leaddiugus Al AUl g Dl Mgl 4y 59 0 Al S a0
9 oSSl
65



Al clelis V1 Y Jgasll & 5 ua ely 1919 Hle ¢ S Yl
Yl S Lhaiia e New york times et < 55190 Alae ol
gl ) g gsball oy Asbdl ol @) Gl sl o 2
et o) ¥l delaindy oSy o) ad ey sl (38 g LY
A2y e E A J gy oy

N g sl fae oo Uad | pagis ol (o5 lllinns) (pinall 134
30aS) Ao pully Ay e ABSH 150y A Tasall ydlia Gadst o 5 bl
S A s 138 3yl By sba o ALy jae dlea b Jaisd (38 sl
£ 3 ball de s Jlaally 35l 13y 25y ¢ SAN (a5 a8 e 35k s
S Al 35y Gnay dualiay b o LS) oSl oladyl
Juady Aaad S 8 Lnaiaga g bl Gl Gk Fanall 138 5 . (stanal
(oS 5 & 5 eal) Aoy a3 fd 1385 1 Ll RSl gl fase
1a e 5alial! Ja¥ s d3a JS ADke 4l Lud ol gell g clo jlud Bhane
Sl e 8 BUY) die il sk sany g seall i35 Tasal
gl by caisall dal gina e f B i a5 o Lo LSl o8 el
Vool a2 veom i dLS(lhj) gy " 8" A pul) 3213 A
e JS ¢ sk &30 sale oy ) gaall (5655 135 (M sl 1Y Do
g okl ALy Caddill (e Al je ae (B8l 5

AR Jaal (e 3aaly (A (o Aglaill 5 jeladdl o eliy Cas
g lilSsal daliny!

R I

66



f-)—.ﬁ-“

e puall Liie) dish a3 e falaiy 3 Lay 5 geall o Le
Afpa I Al 3a g Cun colad) W i AN e JpmiS
gt 5 oL Lt aalll S siama ()5S e (s o Wl prassd
Lo jll ¢ gunge o 2om oY) Baclual Al g e Led Y 13 Lobaa
WS gl Ga il LIS gaen b ol dily ol o "l I
Ca3gh CilS ¢ guall A a8 1Sa g Cage o) Wl g0 sl B
A e ol Y

S el gl o sgied Apuloll) apliall e ol 1L
Gupeadl Akl ¥l Sumer seldl i ledl e i
s psal Guedll B glad oy el b 33 o el
g lasl o sgiar ¢ LB LIS Aallall 3 366 26 ) Wiliiy dhicale
g iy e gl ol alEeY) 1y llaadldl oda (e |ole! l3a
Agnphs 5,56 538y (g gl AadY1 4k leh cAafine bghi i
O 533 sall An g3l AN a clanill 4l A B eaiadl Jaa
& Bl 31 e Al (Say (g o guall a5 o puial
el it Guadll o Jlaialy LEE Jeis (of lisa (uelll b
¢ gl (i 158« de el Ll G sak chud L ey -
RN T [RVPNCR L P

67



BT PIPER I R *usumejiuuds:ag\bsm
JE8 i Blaly (IS 138 cans Bl 5as 30 i 3_alall liida
Al Lgay 1 iy - AV (Y J gty O S Laaaal g ¢ Al
Aafii e laydad b oyl L aalidl o3a clie JSI Al
pise elandl of adly Uiy it pum dndl y U oy dualall Al ya3Y!
23 Bl IS L g JalS Jah olld Gad ¢ J Y1 5 Sill ey co guall S
Ailtl ol 5 a0 Gaile 138 Ll Q) 58 o guad g1 s 5 gl
¢ guall
iyl guda) dal) Aspha

A geall AaY) pa o gaall A o cilabidl JJ)L, e e e
udwdumjau,&‘w.k,k;@ GJ‘AMY\:.\A
bsha 4 Lo .I.\_; omaal Clawal e elal e e
Do G5 4y 35 Ul lilSin aadey S Lo pn (il Aainse
(lasin (e sSe o gaall AN A i el o guall Al 3 g
iagine Jaghi i T, 6uS dael b jad) & A ol
Yl M 3 Sy gy ddlS 3 Sl oda gaid Jas 5,08 e e
i G Al b L 50 agii Gl A gl dadY) Gallad e
Wl e clegdes Badl b lases Gl Laggl i)
daadl gl eLsY Ul raeaill N aladdl bl (g gl
e Uads il i dlg 13 JS LA slhally A cigal Y1
A e ity Aaiane Ja gl el ;Y L plia s

chnadi Janigll 8 Adawa (ool ADG D 1aa S a6k el ae
Dala pladll DU Loy caiae bd s cgnl iy

68



ol sy Salall ge pladl S of W oLoilla Calas Ll (like)
(ilad s Al) aandl Jaw gl & Jadisy ad o cuSadl ad (58 ¢l 4l
il sl gl oda L il A Jgin aaladl b ocash 0 s oS
2 1.3) JSaYL Was e Sl D) Al ol i) and
On pala i 3 o gl Ciman Ay (1 sl JSal 3
ol U 5LEYL e Liged . utigh ¢ guall tale g dutigly ¢ gual
Ji (g day ) e peull] A e B s phaa e QS (G 5ilE
s o delin Tam Gpuer 1538 caslinh ofy sl
Ul & elSai¥) sead Archimed de syracuse |38l (el f
cilS 1y sifst;'L_ggj.al\ S5 pald J< oSa 4 g 5 el
Pl Jsha 1 iy ol A Sl 05 S (8K adal — 5 i
O s (ABlae 3 aie U je plasiuly 180 i aalay OIS 53
s ey dad S ) ditn alsell L€l 8 oS L)
LSy S S el Gpand il (f (oS0 sl il e
ISy JSuly e JSI paladdl (e d pun Hlg pald 2l GlS
(S RV - TG YT PSCUR S0 N C L F L Jpeey
4l Jeadl) 25my 53—y goad = (S ol M el o A
T oaladll g AN Hhaliall o SY (430 se b Gud S1g) ealad
Gl el Ay 8 e e 4 e ) duadll o Uil
— 51 el 13 o sSalil) Gl3 (e A (prsed ey g 8 288 e Wl ¢ e

sy leaumgi iyl

N W el ) Jgaty 4T dsagae SSY) 5 alal s LS o iy ea

plabaal 345 O Wl (We) dlls Giasii o gall Lo ady A o gall dagle
S ST i el pe A
Aaxiine o) 4 Lgia laaly sl e
69



A
b e
bl ya
1.3 Js—a
@yl palsad)

SN Ay gl = a9 Aug) BT e o g gual) (ulSad) fasa (a
BT e A B gea JS&G faga (b
70



.|N1

|
Ly

A’

N,
. L2

2.3 Jd
O Jualdl Jaugl (30 Ladie gl plad JluSi) fam s gl lus)
gus) Augl o Adlide JLuSHY Al o Cuilhd Cpadan g

3.3 g
Ol gl Gia ol B ASaw 50 S SN ulSal) O gilE i
Addal) e sl gl ) ol ASad

71



Slagud g Sl ga

al sa dile die W 53 (1695-1629) ¢cmesp (i
ane Jalay (S5 gaid oK ol ) i U8 8 eladall L]
Aguall £ pa) 4 L allas Lo 1Y Alila g 5 S plall 3 aheslus L Lday
J¥! o yeds Saturne (il e CaliSl o ulaliall (Al —dal
oisad = i Gsn = a sl of ST Al Mars Jal olsos
sesail oda (5 il 5,aY) gl e U] (k) (SIS Adala
(DY) #a) il @ dapedl Gl sl ol CadiS) (B
Sy WS, <y el e sanall Jadl el el cals
(OsSall ade (g Al A sl 33U 3 Al amlia ¢ SO Jiadl
1 e o goml) LA all AueS Lain gl clis 1,0 dLd 8 K,
Glas J8 e dny celadl (Jw)) zlaiy) dase allal
Boma Gl el ya (e slall ha e AN e p2S (i ga)

ol I,A\.L.;)_.Lam dole Jin o (50 a0 dage of SN
(lasall dagall Lily dpas b g s elall Guls 0 Wl iy
G (oMl sl edd SLaaYL el e sl (Sa L) A8 Al
Alay Gl (Sg) Sl 8 5ol AS )15 yom u_d\ PRV ENPUN P VI
Midh la aua & Ol i Laie Laf 058 o(0s8u
Adeall saladl o sl (Y Llaaiy Soha A 58 Juass Leie
e slS 40000 5 30000 dibadl J5 o dnim YV S (F5S al
a5l a5y alaas g3 3l 5 5 maY) e JEdl oS
o cbaal 3l licany Cild Cpilaas (5S5 Ladic 5 1l 2 samd)

O ol Amis ASal 8 i Slg dagiy Sl Jall (B e sunge olh Sdaw o
sk g oLl B Ao al) NG
72



ccaall 2@l e Jeadl 43 sap Ggen 6ua91 Gl o glady ol
Aayuat}:\.\é w0 gl A AT Al 8

Cnudall Cpailsell eladal sal ol 8 A (o Gl S OIS
OS5 cctilasall 035 Y1 03 Tun Cijay cdy opnnally LG
‘i\u) dase i3l o gl o gy OIS gk (e dia Lgun
0 g5 (osmallS) Aphalanall dase Ll siiay (IS 4Ky ((rpmaa
Lo 5S40 o3a mb,y i oSl leald 2l 0 3 sl daisy
s sl s U Jlaely lail g1 3 oy e gl of lajla
Pl 3 eyt ada dy Lo gl 8 an s Y 4 el ad ¢ sual
ger o slen il Al 8 Loy el S o Laols Ghuss cames
sle sl dlla ay Bthere L) lple Bl duguae e dda
ada Algh a1 A1 agehe B My . cila sall g 3l Y
il g "Clasuall s Clasal’ o A el saa oY Ll 2 i

AaSp Ay, oaad g 28 A cad U kel ol s
cAde a i sl Al S s ) gl Ay cuils

SN g crigs
e gl (B u3e sy gl gl eVl (e Ny Y
L}L& el 64.14}5.u}‘)s.\a Q_I\‘)SS 3T ‘f‘!.“ 2.:3}.411 &"_lLu.uA.“ _)A‘

M_);J;\_);L:?b.\ﬂ ;}aﬂb;\demumbdlacn} M:ml.m
.;Lj)::.d‘ @L&J&J ‘.‘;1.“ ;l,».&\ u‘)b‘ wo.\;‘} L@.\‘ LA.:_) “\:I.uLu'

*

el i (n dn g a0 Latie 4 agd 4 in Tan dum ) a0) iy (g IS
Y 4dld s ga o gudall S 1Y JE @l Jal ey A0S Clalaty) b ol o oSy
1Y) JR05 Y STy 5 g se LSV 5l (b Bl L oine had 8 iy

(B ) 1) glaa A sl s (S

73



sl A Guedll e g Jlay oala " pdige plasiuly (ol S
18 o mamaa . eal My gt gumal (3,5 o ity
05 b Sy Vsald 51518 Gyl oY ciyse e o o Jilal
Kiy gt ela @ ulid plsiud (ol i | salitiy ol agi€ly JLle
o 3ol Lasa Gas (b Liglia dniagh oIS Blaa (B s s plasily
3 (e gdisal e e gl 7 & Cun L tipaeY) cuilS La g Allad)
on sl gl S5 slel AT (ke 2 JRAN ) L
Ggaall N lada

BV e o8 3 co ol Gans T @l day Qs (i g
A aSad et aladauly @llyy (J oY) sdgal any das e JS 5L
Sl pe G sl OS st ey S50 U se Lol |5 a Mty g
Ll s Ly I Y gl o Laania caa b L &y guaic 3]
dia gy Al adsal e seal plad Jay L (L ) A8
(3o Ak g saus 303 Jay Owadl Ak g iy sl Jay el
et Vs Al O dasu e sSe e gl o e plasd s 1
e Gashe cadl sl cal8 N auan et 45y Gl aay aed LAl
A o sy el dea sl A plasiuly e il Aeud
W3S el DU (o ke B jad gas) sl sl 335 il
S JS L)a A5 Y g

Uasl e gl telyll dala 3 sha dilos) ) g ) 1
Lo JS) o gual cAiline o gl dnpus (g Jalas = Jads (he ()5S cdina

cea O

g a5 sluia Caia dxkiia s calia anad zrhauadl) Jog il (ha g 53 el
74



3 S Cigay el b cyoal 8 calS i i et e

 Glle Ady k' |_)U=u.n :ﬂj ¥ -Téléscope < gSuli eliy daly gy o8
Osh) daiie lple Jumny S A peall Gl o cla Al o
(g i Juladll b Lo sl 8 oy cigle (gl st
4 (Las) ol (e palinnd . yeal ¢ 3 ¢ giaal ¢ sl ¢, s
o Jlaal 1 ol fad Wiy Y WY e laie ol Tl oSe Y
(4.3 US4 Jhai) da e il el aey Lee ol Y1 8 o o
A Uasal Lins 8l e (g3 osSuli Jff dcliay o8 Al 038 ¢ gum b
a3ty o gl Jdad el 3l 2 EN 5 oala agil 13 13

Bagn 3 solse (e Ll Ly ¢ )9 e

4.3 Jsi

e A Sl A piaaal fage

due 45 iy (a

ke duse ) Aptae duse paay (b
75



Oe Sy g 1Bkl sdes a3 e Ji S A G O e
I sl S asly s laall e g gll 138 Ua Al )8l o
G @3 e elad 81 5 laa) S 5 Jumiy Baaadl olina agh 3 J V)
@Q\MJBLMJ&&,@\)A@LI‘P}&\)&\SGY}A QLL...J
cul€ Akl o N 1t 5 ke ey o Ll ai ga W sdisdll
e sl Jlat agd SIS Jeud a5 5 adia s 48 48y (<15 Lialy
G0 OsSe e gl ol lafie (fian o8 Al aa daamie sl ) G
pifiune Jady 0% (ABal 8 deddiuall (33 Al Glas 6 e Slaws
o Ty e gl Joay 13S0y ) A e Lol el 4G Wy
Adade a5 el (g0 Cali€l ¢ guse o e g ge dude (il

Upan g Aallie ity duadl Jga can g 4d cqdl gl gl (o
OO G gl oo Al (Glbag) oL bled il JSa
o) b sy vl (pan Tl pad (Se S Sy L som
dasl aiin o) LSl alla (K2 4SS adina dlaa (a3 2 ) saY)
Lo Sl oS0y oy Laiga . oelalad) ol 8 el ddaadle Cudy
€3 guud Ji udg.ii = ua,.ui + ua,yi

Cyyaly Chep mbelisally elag Glogd o3 u gl
olas S sua Als e (1829-1773) s ulash staiam Apulu)]
lasae pmlly LS i pally calally LS oLy te g 0 Tagie @iy
e M V) oS Y "l gaaaad sElall Ve ol ccanYl &
S gl Gpamiy Yy osibe e WSl el
Ao gill b () 90adie 2 Ly chauls Lalise 4l | glead d2aa & g gal
I " sty of (S 8 L capuaiil pa (805 A8EN G geiniy

76



Sy 188 dpaall ale b WG Y e Y S Tl pgls o]
oo SIS0 pie Y ol Lo Lo 0 Alaal egsobial o3OS Mo
LIS e 2 co o JS3 13530 clld CDIA (SE iy ot U L cpnaalal
VPR PRI WPNPA P TR IRV [ T PRIV -
Gjedll (Osle 3 JS8) Lo 52y o gl Ayl o iy Aaulal
celand) o3 laa Jaiad) —JAISY L Ay pmall 4 e dulad!
& sumge A2ilia ¢ plsly il oY el coly il b ik S LS L

(RN W P R I

S o sl o ot Rl e an b 1 sea LS Liaal 1Y
Load ol ) el g el Ay kit Ll lilaa ud 330 o sy
3 e Joindy co g g A gl dajadl qudi o R slad 2y o
b o Al slad e i Lea leld) S0 (Bt Canad 45 g 503
pe Al yudd Say Cafd) Diffraction (zioa¥l) cluall 3 ala
Ofin® o Ly saaly das o Y oWl OV a el L (fClames
WS gzl o gl (g oy (85 2055 oo Lagin S el (45 laie
35 OUSS el e Cus gl Gaaiiily oandll Cals
YL (IS Aadgia ey 33D Ay e 3l e @al L leguan
cead sl El ol o il OSI 5 s 84l il
Sl T Slab gay U s oiSally () LGy selis)
(Gia elogn Jafl) plaga Dol (s 5 ma LiLa ol ca2L2
dan 2 360 Ll 5y cplidamy

ST o o Al y Aaliilly Laaadly 350l e, @ cChateaubriand iy, sils

Sadall i and e Aoyl Gl (1842-1768) oy ymall guni il CilSH

g Jiall itk e g jaall Agui il Asilaall S pe o Lui b b
77



B pall s e iad el ol gig ibest sl Leve
DU Ailae cul€ 5oallll Y AGe ade m kil oS Al A8
) by dati (e paldll o gaall to gl oy o gl (o (gl (Baal
O AU celagull Ll Al Al WL al das e a0ldll ¢ gaall
o3l a3 Ol o pall Cpa S Gamy B 1 Le Riiny gl
clid & 8 - luadl !\.\Uuuﬂ‘gf-yd\ulmj o gud) Cpa Aalls oy
doant of U o s AT die Yoy g 5l dam s 2y ol
(A Ll 58) @iiims sy a8 @il duadl 3ol e
Mol a3 ) Al awian @i (g0 $dis 13 cyall e ol pu
dld JS ' guaa b ae ol ay A Uil ~luadll 17 sl
e o Ade ay IS 14y a5 Aaiy Llaie g el s OIS oS ol
A o S S5 A e 06 Lased S
&S;‘e‘ﬂﬁu&w&wyu‘ﬁ caahally Anse 5 gl
foa o bl galsed 1aa g8 o 1ale oSy . (fan Jag o 508
Ange e UsSe 058 o (e e pull of 588 dna i | gl L
A 53 )Y Cilaie S0 sliaill & JLil L s sdd o L
5ol LA e e g @D By oo D D= oD+ oI- o0+ Al
Lild a8 gy latd &y (5 yad Leaie 1= o+ h)y)(morse*uau}a)
O L o puall e 155 Gy Gl RS o i
g_,u_mn,um«;ﬂﬂg,.ax S8 (1= 1+ (1= (14) g 5
A s o (1= 0+ 1= d+) Al sl Al OS) Al 5aal y Cand
BN a3y ae Ak b 4 1 i il L R il e A g

pa il o shad g Jaih i (pe 435K (3ol Aediiandl) 500l e g8
78



g saae duala Aagil 008 of Slan of oSa ot cpelad diis
saaly dilue o caainal Y ol siall cloay 13 L (<f4) Ol sial
b Las o I=el el =l =1 +) aand o Canad cilatall
p—a OSbs (DU da gal Blais Jobs gl (..2-2+2-2+2-24)
S oSly 2(7) () 0sS 1) o () e Y dielina dan
et o Lle (S sl e 305 i sl dlla
dagll ey (o dmdFd =+ =) + (=== +)
v gun e Alia (55S Yy1..060600¢040

Zasaial Al ) ADW LES el (o 4llh cdll o WU
O oSl e eln ol cilingdl o Ableaadly cladhl s Adleaad)
e L al (Sar A sty caas e eyl S dale 3 alkll 028
cilagall Liaf Lynl oSay LS o paatl) dal e LS G010 o
Sl ga e guall of lay of gl figy oelasi 8 13S0 g gl
slaud (g3 $1oE sy e oS dang) Jasd "Aialitia g
Caalll Fign Y e geall Al AR o3 Capay o L2 GA 8
o L sl e L gae oS0 oo L lad) o S et L

Gl gl (Jalam Ll (e lSa L <3 eyl ade Jaa Ladie
(B o Wy a5 o L e s (Liamy (go okt ) Liamy Lgany Y
o el Jlas oo L ian Juel lua Gije oS g o e
gy Candy ol i Gllilg o

A ¢y gy ey SSYG CDAIS e ya g mils oal (ish g my iy
ol clage Lad oo claall of 4l 31 a0 S SLalal) @Y ks
g el il
(CFa Ve S g 4 ylally (g gy T
79



531l USy sl llt gl of Ui oS gig o gl
leio S et ) dmis (o S e el 13 L Osl
claidl 4jad ade Ly peal Uy Wiele 13 . aladl Ll
s duad b GOV e gl Wele 13 Lelaguy ol yen Cilah daiud
OS copam JS e OSaal (ga 13 1Sy elaguy ol cilingd st
b A sall Jsh oo Lo 138 5 Alead 30 53 5a3U 5 joan s 05
e DUl Laxic § 11 3531l e de ghiall diluddl a A pal
e 088 o am o+ U asad (il JB 1) aalY] laaa
Gpal¥) cpaall e el Gigla M g L (15) Y laasy
GBS OS1s 50 Dla g shiall Skl g Aapal Joba 13 .50 ey
e ) s e el Y Jgeasll 0138 dasall Job S (Sa
yaaty Clagdll Op Al Gld maw Baaie oo aladsaly Jalal
Ok 7 sl gyl Jlae b Sla gall 038 gkl o8 L 3asall J5ha
(#1710 =A1 oy jiwsd 1) a g 7200 5 o5 siiad 3500y dn 5ol
- R7200 (e cuf aaYl ¢ A3500 (s oaminl

Jo—a gl
Os—sb ag oo 13 5 (Cparaall 3 jilal) Jady o it caladl b
e 588 (f Liad Jumny (S0 . mpm ¥ Ll — Laula 150 Llle
o OS5 A gall (8 Ly Lo Adas] (3 dauali radl g cel sl (B
ea O ily dea Ge o Alla cuilS oda LAY U Ll
ot S L M oAl Lalinl lual) 5 S8 Lasied oulll o5 al
A e Sy e S 5m e JS— Wi A eloell b
ce gl Jo dafl I a8 g Sl jd (e g B2 e e anall Anailly

80



il g oy el 500 ate 5 S el G el e
JB e JS 5 (1827-1788) Ju s o o sa Polytechniques
& Jens OIS 4 go —lumnly; ey Lmae 5 iy il JS Gl
a8l Jae

o eledniy ol 405 A A VG Jiy bl b Sl oSy S
pay Adall Jumy (53 pusi il LA 13y adsy ity o OSW e
s Lap S gy 1y a8 .20 4S 138 (e e Juany ol (S1y LIS
Lo ol st L o8 8 g oIS 3 4GELESY iy b Uiga claalidiay
oe s bkl Gioe of L Jusdl ddly WALl e dilaa
lagio JS oot a8 jLaidly .dddeas o3iud she a4 el 3k
& OS G (et aadl e ST ARSI, Jside skl alaS
W s o s Badadl Gl o (tees Legdtied Al 48 al
fo5lia) o Jaan dedall o Lais 19138 Jias Guod gl LYY Jadl
P hla dude S < g [ rdu b Jsiy Ak s Aaa LegDlal e
S s Jabg ] SBLES) Ay cluliesae 8 ¢ sgand)
sy el ol 8 8 6 gl 3 I e [ Aol 50e OSY
& U e VL] JAlD Gl 8 Aualal) odseay daa (e aS) Al
Omanlsl (568 of Lo e ey Laigy 3y je L 3y i (SU
Uit N

o s (chevinisme 4 o) dyikay dpnans & s cpdl
QS gasd (A B e S ALIS duagie Aol Ju i e
Bl g Agalall o jaall clan 1538 Jgis andly chaa Jadl a0

81



Adle Apaly) dipa pals OS5 ok a1 (lus Ul 08 (L9
b3 culS Cieliaal JLSNI o s duals salk p ol Ciaes
S Lgiam pomd Lgd 555l ¢ i Ladin .S (he I A5 yma 5 aLll
Lilll Jgall gledll (fé Spath d'Islande lubud ciluw 5 )5k e
386 13S0 Aally T A1 13 IS L il e peled ) audiy
Suae b Figd 53 Jl e sl of s ga Lnde) 13 ad i o
il 5 ) sl pranii 1ngd (S oo JS Ol L il oladl Lo (53 5ee
lasdi Ao yully ¥ STy eopalaia cpmladl (3 el il 31500 caslly
138 5 ¢S 3o I o paall 13 555l o3a Jlas rdnis ' SV Jelad Y s
Lebie L) (580 o 4S50 Gauty 1 ¢ sl of el o Lo
Lalis i Lo 13 - Lagiy Juadlly o g (Auilacia Ul (a1 ¢ guiall cpanisy
AnlaY! 3 ) maY) e Juast Wil 03 s ila

AW zla sl s sy 3 Tl ga 13wkl
531 a0 aalew pae s Tl ¢ sunll 505 Caaill ) Caisy (53
Opthiind Gl Lulla La 135 -aaly i (8 Y] Jooall A5l
el ogias (N ¢gn gl s Y Alal oda 84l cany ol
by el e cpag Aasadl 200 o3 M (laalate
(dsmdl i) el iy Lo Aaal b .Lealaa) ol ey ) s
oda of Loy . [tagiaiid ol jlai oyl oy po o ol e Juy 1
Il alae pia p 2 el e SN Gy AS ke dualal)
sl VT aa 2 LS (53 JSa Lhi) ) eaaall o B Al
(6.3 Jsa k)

82



[PV S —
—_— FI s
i e
T

5.3 Joi
A ke due Jue faga
(eadd)) Bapd) 4adY) G2k (b . ou b puudd 3 g0 JS&5 (2

T

L

rﬂ#
|

A

6.3 Jsi&

sageail) A7 faga

e dpaga(b S @aaga(a
83



13 gl (uadd) dad

O G Al sl Anp (81 55 e iy e el o eSO
Ao 8 Jiseisd S 21802 ple B oY g5 S e
o guall Citia ) gdge Aaiinly Guadll ¢ sum Leghlad DA (40 <1814
imm:uLSt@.g.u @Qﬂh&f&\&ud&&@\;#d
(oske 4 U5 i) Laaitia (IS Caglall () (Ll (S AY) Luzanys
lgie ol ¢ guall Jlaiy Alailia U b g geall 5 0sn Al Levie
$ome Antl idy pgngeall o adag (At ¢ s dge plasiuly
ol S Al 50 Cip 35Sy Guigy (e S a8 12885 lam Baamay
e g Al daeay ady Lete IS o 1S5 A8l 200

Cahide s Ll Alaile JU 8 e iy aluad) o2 Lalit Laxie
OSadl (o el Al 03¢y Allaal) Aabddd) yualiall 43 pall dxd)
S asendl o o) Al ShaSH caS ) ¢ Jguall Cipdall Juady (Jalan
Sl S st Ly 5 (Sadl o () sS 138 g (45 puall ol
gomnd Gl e 1Y Cuanll Ay el agaill GV, jeedl
28 mual Ladie «'Spectrométrie’ (s sl —whll y "Spectroscopie’
"Astrophysique’ ASLll ol agde caly 1Xa, LA A5kl
(il iseisé o e .'"Chimie cosmique’ uSliadl ¢Lasl
At s eall ) il e Gl el Caglall 138 Jaug
T cond glagu

B UK Jujdy g ¢ gbse aladiul ¢ gdall Jla 8 pen S
A Lo oSy celagu Lo (81 (e Baaly JS A0 Jalall clings L
LS delas 476 Lae 3 elosadl &l o3a Jodd 058 o oKa

84



P1814 lo Gualll Cish b isgis b i gL gl Lo
Clags G daallal i 2 Led lay S0 ol SODMAIS Aot (a b
Omaad e L (pila e o il ela Slasdia g Leelagudl Jalxil
Cadal elosadl Gl o e o sl Guis oo IS Ll A
& blhaa Al asmeall clagadl Glagill ae Glalgn Gufl (uadll
ol ¢ pum Jlay 3 sdpdl Bl laay o 18 1y« yaadd
b osilall Guagdll b 58Sl Lagadian ally o g geall ae e
o gea (aial 3 AJADN dpa il Cogd S sl 1K L lalasud 3
psnpald 1oaadll 8 dsagdd agngeall e B alall AadY) gl
Al e GopdS il B ) Newd Clagll (aiesy
W s el 3 2’y 13 esalall Guadll ik b . AT Lad
O s Al iy 13 assall o Bkl Gl a5y
palsial Loy Lgaait lingdll 038 aliay pgmigea o sdgally uadl
b clagl Gabaid IS 1Y 4 Y i s Y a0 el
SN (gl Ngmis andl s sl o (58000 ALE yshos 51 (o in
GOl el Sl o elase g gy omedd) Cahal
Consial ¢ gl (pa B2me lidgs iy iy (phuas paiad (550
e gl Gualll sl L uigr AnSS pan g A (el JAly e
by (5 52l eDIe o sy 4nidi gl
(bl U a e puall abicial yfila) 5 patunall 5 AL o3a
OSls o555 555 gm sl o Ay g Led Limae | it s
e g Jifis Lodie A8 culS ASIN Al Lady Lad Leats
palaia¥) Bal il sa egal 1 G dm aai e Lald

85



Cbe A gall d.\é C abaial 5 doans Cligh e Gl el
Jilady S Bl sl g a0 Lege (&) oasadd
sy Al dgag) G lan e sl Taidly dsied gl
Sl € s ey 43 Lo 55 (e Bl Clo sleally lan L
Al claSl calg 138 (ke 5 JS8 lail) (SIS
g goal) s o

dss?:‘aumj\ e da3aS a1 150k oS50l (s ¢ guall 138
Ly o i1y ¢ g L2V olizand G Lo gl qumcl,}y\w

J chagi @oSn o SIS Jie pmadl s 18 L s

§ e Ju gasal (Lilg Y) sasae e calS oLl de
ek Lsad Jola e of (in aagama Lo o0y siing 1 9lS ¢igs
oy aly g oshall 138 Jidd S5 Lay 480 delu 40 (S Al adally
5 i g 150 YY)

G 2l eg) ga o SHlaily KB Sua A (el 2y
Jsn o g _ndall Jldl aal 50 .o gl de ju dag pail e
daailly Ao A Lol lpuis a1 W Lacla 425 8 5 add
M\J)_smmf::m“@&_\mu)mg@a‘;m
OS5 syl e Aaslie To opadll (igud) (osd 520 Aball e AV
il 4k o Ledie L@ (ge g dall e G Y1 aais Lexie L
quSLou&u}.sajmls)ugybﬂjyjl@lddsueﬂhj)A}_)
SSEI ga Cluall 13gn A (e Jsf o luall i ol 4als il gl
3y Gy alllua G asadl Aaadle ) amd A My g Kyl
Culpun of D s Bua e iy Al i 1 e slS 300000 dad

86



538 auay (1849 gl 4 AEN de pul) i Jacl e g g8
Cige b AV ¢ Guiug s b ISV sy Al o ol
Al i S o8 A ) T e 8633 dlus Lagiy Juaiig ¢ i jla
SO bl 8 58 Jagud (ANl Al e Sl
isle sl 3l e gy Jo¥1 g oo saall duSle 81y Al
Aaada g faa mmcmwm\ e suall Jlu s 3y o 4) s
On ki litwe LY 50 J 1 Uaia) £ e de gung sl plad
e g sk rand day pe CulS el iy LY Ao jull s 4D
e gl Gilils Lind pransy cyicaall Y 2 138 (S0 ol i (S adaic
Nl Aoy e 1Y Al 58 BaY L A Uil ddand g (uSeid
(J¥) Uil e Adlkie = A Aeda ol ccalia S0 Giud
plal de guia gall AN day el ) L g = B T 50 o S
Oish 1Y G Gatiens s L e R
de b 720 YAl S B L5 ke Ciise i Gl
Ao L 1ay i Al 5y 12 S Ayl o sl
Al oS 315000 Aalld ¢ sual
& Glida (Ollaia 58 Omsae O bals Ldls G oL e
AV B e s Al Bl gl LG L Sy 558 L (paad
Jsalall 5 (e o Loy Selall i o ol ggll 3 ST 6 guall Ayl LS
o A S8 celally 5ole Caigay Gutiag pae O @8 Y Slaill o)
S olad)  Cusy e b A LS Sy g8 Al Al e

Loy lese cosall A A L pulioe iabia A Clisey Quiug e
i) Aadaiall Aayls Lgie b e JS& Caaual

87



(a6l 038 <l el | fiaslS (ysde dilae (530 o fiFin A gl
538 oSy ¥ o Angl ey gl S48 c e g s 55 8130
o e plagd (A Sl Ae g oguall il el s aey S
ol BIE b sl Ao o iy 4 O s b 2 el

(T PR FURRT- P PPV 1

O =

o) o gl of Lin 33 of ey cm ge dala 93 6 guall o L S5
B de pull oda Ld S Wiy 2 LY e ladi e (sSe
damli A ol ga Loy €l S (o AWK ADA) o L e gl
Lo 1y o gl Blas Ll o gl of (e eledil S Sliief
Jslas Uses Fhal s3] dadlu Sl culS Ja o<y casdl Uiaiay
o O 0K Al Lgski 8 6 guall Ao Y Ll 18 i
ol esliae aa 53 duas Lael 13 L (Lad alall ol el i) g1l
Al Lla @l Gad oSy ol L Aol e Joaaiud dibias
S5 e iy Jeliall 13a 5 Lena Jeliy 436 50l ¢ guall 5 iy Laxic
Cle ol b Ldus o6 adey Lol e 1Y o) Y
ol Qaty pdisall e s g Al CDEAY) 3y ciilisa
g Ao pully i o) ) JS (@lly Sl g 1A B oS

ol A 0o Bils e 5% pan¥) e gl of LSS S LS
SRUD il g (R duals s lus gl il 13 Al
el o gumll )38l A Al o puall 4y lady o3 bl
@ o Al e okt Al <l gl ol ey L e JSG (L0
Nl S Al adde o L cpall Wikl g o S ye il ae G155 Al el

88



Cegual 1Y Lopall B s gl G 158 Love Ues e
S A 5 aa ol B el o 30 ) s Gyl
2S5l 5 6 oAy il 38 el pumYl L ecall b ket Y
leldas DA (e leabind W (Say ey o3 .ol panll Cani b | jiua
IV s Ga 4 e O Asen ki Cua [ sdisall Aaud g
S G5k 4l @l Gald adally (S G L g 2 gy A5l
dulus leige ) cllgall Gan Cus dse 23 5) i)y desdle
1 Geah. o i A o 1Y ol (s o gelis Y o0
o e N5 o cfa ! ases AeSlaal Aagie aobiius Y
.2\.,:.\,? O\,ﬂ Fp']

B ) IS LA O IV A s PRGN g g
Lagie Jliy (el Jo s collabine gl el Lo 13 L(0ske <6 JSS
Uyl = pmal +a, 5 oeal 1) s e WU L DllSie Leg
ol = G+ il 10 ddud) B e Alule iS5 (o Wi
aans ¥ O €y o o iy LS L umal + jeal o il oY
SV Ciae padnuly GlSe &by Ly ol s Al
300 QM\ ot Al Sl dediad) 2D Ll
Sials (3 U39 0e g ) Cyan 6 3,5 « Magenta adl el
Al 1 g (W ey o eal liat e 1)
Fgs e Y dega o b 013 U8 i g Le . ggealy pgu )l
Jeli cpall (fd Aoy 5 diue 5 g s oSy canly gl sl
s i s (13Sa .5 e < 5 D Cile ) gy Aakafie 43 kg
S e sy Lo af 3 (S0 iy Rhaaily ) peally
B yaiune L 4 o) Y1 il Calylad

89



osei Lo oa Liaf A gl eyl Lo oS 4580 apad)
il Aapadll a3 Cradiiiul 438 a0 8 A e cleLhi) ol
s Wy « fole Ciige sl s LYl 450 W <Remanence
o cpall Lsall Lapadll oda bodal s il Al Lexie gl
e (@ el Chgw pdie el LA (G s ol Leddis) 8 ls
gl o3a i lld aa L (Laipadl) 11895 ol e sl o &Y 4 al i1
Lt Juadll 2 gry il ghad hia) (e Y OIS @Y 5 el eday <)
JisuSle ((1861) sy A ¢(1841) luswd tasll dpuia sland
Oy cdall (e pgraan 1so gl ol (1882) ke ¢(1865) _wSd
i Al 5 Hluall Al Ge elnd sy dude CilaaY
bl o)l 4 G8al Ja s o(Stroposcopie ¢ g sSu s s siull
Epopée daaldll oda o cui€ Al i€ bl Gl s o s
Oo 0% Lege oL@l gk e Uad IS Jsiall ki ofd s 3 55
o sl (L) ob cdlar of e casdl g JAD (Sar al
Ly yhay &5 glal) (DY) aslally @ s ¥ il gl L Lyl oo gl sl
sl g il (‘-‘143) Lo & )05 LgaST 5 Lguads

R

90



4,
1._3.}’5...3\ ozl

At elew g duals iy A LY alad) Sl We S 8
L Cumy Aaliizally Culuall 13 Jia aed 83U (0 ABLN SaeY)
WS U p b 53 el ) A e 50l Do |5 et
cgoandl Tad 5l 13l — ) Ao ool (ubuaY) 38 ey
Ciny 3 le ¥ IS iy Wolea iy bl JS bV JS cul
Oy 4 BNy g o) Jhe s Y Sl e Selad b 3
o3 3 dndl Cull g ooy pealaall a€lil bal Lls caadll ole
panii 3 el piiay el 35 OIS Llgle dganad Al Al A
latall S ol p oS Jady S WS cAiel ! Horoscopes 4Kk
Opmaidl Gl (5 0eaal GUle gl U S uila ga

A3 L el SL SHl L Sl 6 1S el S 1Y)
Ly alall sl g oS5 o Al (oS (oppaladl clalall e el b
OaSE s e s 0l ol L of Lad a cipu 1508 aeY
380 ¢l coad gy () taatlh ol Losa (Y 0y g 0 pealed
(Rl Cliwdd

91



sl e ey sa Lo o il Je of gl Ay A ol 43
3y day oS e (aaldl e AT W Say 4l (il
4l Jill e A oSl il s phalae Jif dleay catld

poMy S oS

Oy o5 15 Y Al ol el A8 e 4 calS 3 cag)
da gibe Algh ol _ YL pls 56T 5 jead sacbluay oS15 o yadl
faade dgds i Agagey leish b ol g Cus dilia
die) Tas Hseld lagledd culS Jally sld DG & U0 ol
dafl «Trique trame il usd cAstrolabe <Y 5 i <Armel
e ey OISy i JSSs asailly SIS o Swall & oAlidade
I - LR PRI AWIRP SR PR W V- L A S REPRPR F-
€ (Al ol oY1) S oS0 Lty At il patll (S cAallaal ¢ Lo
Nwa JS lgaany % CulSy yat S olowdl Bee b o al
o b coptll ans gnsda Yian) S8 5,8 caaly U (a o gl (g
o b cle Tan B dum A3 5 S 50 Lo aunsh agail
J& ) bl asadl 505 (Y o ol elaill b JED () <)
13 L gy in Lind 5 81 g0y gl (e el 138 (i) 50

aadl of el ¢ e (S Gl cllm Loy g Bl Jisea ¢
Alpha du centaure g g W ¢l & Ay aglia s iyl
el S s el s e OBy e Al
(552 6000 — o (5) Aigun el ued 3ay e s Pluton 55k

Al o guiall Lgadaly A Alaal o4 4 guall diaad)
92



SCPCIRICE R TI B- I PR IR U N LU I '
sl L aadll ¢ g (Sad LY V) Al Cad Ll Bl o) el A
ADlae 55 Jalye Lo Asgile o sal (8 13 o pull 8 el e
elimdll (8 s ay olaodl) bl il L loa As il
Al Gle g G A 6V el o el LB (e Al S
cpad puadll gty (S aedll g 530 33me dia US ) il
o) L (A oS oS g8 padl) 13 Jgag
(S Aot 50 11 g ¢ aad) Culial

e (e e ch JS Al oA adsall Gl Gle agdl A
Oo S e Llaly Shlal ol sy L leailiad g Gl e ol
Cuny Gale Y 1) 4 of Sadd) o ISy el el Ul ol il
i e e olall (S ol coliad 1y (815 ¢ samgdll ol i L ale ally
JolS eCraall a3l taSnY Jgd o)y Al ael @ ) S sl )
0S oS O g OIS "yia ol o GaY (5 Sy cales cdloln
(Osisd) el e (R Qi Aege CBRA Akl
Ol o 13 1l paSat of oLy Andl ) el (@ sad (sl
LIS el (oY) G Ailedl B = leada e e g Y)
coadll Hlad ¢ peadll oo ) On Al fsaaa i o8
Ol 095 aany Lo g ) 9207 D L Jaid Bl g agli e & Jilau sy

5 IS A Spun aal g da g CBRA S o s SY) p gl
Slo Ll sa Ll (Sly LA ol g) san) s D (R0 bl
Gbial g (Ousie Glalia 4) ol ggluie GB €0 AW
il €1 @l ae a o(dgshuie DA aedlal) £LAY) (g il

93



o e L Y i) iy g g o) O Gl
Vil deal SV g S GG i U OIS tlacl s . klal
J53 s Jal e 5 ol oiia ) ity of Sy SiBia Y
Clun Sy ol ey 4 23 (1S b ) ala o Gy (e 350
38 el

ok Guld g addl el o (Dl U8 dw 550 J
Sy Liaf 4t e faaly iy (S Khéops ussS el e ¢
Al 5l AL dga ) Craan pun g o plE ) bl (Sa s
a4 g Ji Milet e 50 B G S Bl 3sas
o) 258 Cum e oy Gl S (8 gl Al N el gl G )
gl oy ladie sela rolel & uadll g6 Sk 3 ) alae
6 glisdl I ole o (14 JSaN il ussS am plisy saalag
a8l fakaalll (et (e (Slg B S B (B pae sleags o3l
ot 855l () e e deay w8 B peae ol dle
ol Yolew Jayl o Lle puay calha i (il of Smay cmadl
oSl aell el B saa] o gasee e (B peelll S R
i paall QI L 1 e b el e anlll Blaad JL
RS b ey Latie 0y pemall Sie J6 laf e iy 0
sa Gl Wl Tyada ey Al iyl 3 gl&d) i o il
ooel gl Sl (555 138 el (L e

Agbiia oLl 4 shtia 4ai6 e ine La allall Galls (i 13
(L ADall) LeeDlal (ol 5 Lgasis U 5311 et JS21 el g3
i by Y Aalay Gl (S5 o Bl LAdt Sl ST et

94



1.4 JS&
oeadd dadly (S GuasS A EUIY Ol Gl Lardiad 3 Ay kY (s

Ladsaf 330l uld (ALY gl Cupalld il
U Apay a AN g o Ofey A b Sl gl o AL o laY (b
Lasal dehy

0 (g Al oLl Ay IS Ly ¢(hiall alglad Gyshoe alle ey
ol pgy Y el oK1y laY dde (g o) peb ad liely Adaal
O ole W olail i dglind) BB 4Lkt Casaw o Jsea

Cadgd plad tajpladle cu b okl i Ji gl 2 s(.h.“h\lja_,&yg)ﬂ.
1991

95



Oo ol amy (A0 180 (o) Aaslicns dyg) (g sbeds ulia Lo Aagd
Glfie B Claal ) G dulad Al 4k &, ell cp (),
Opdall (a4 £ gara ¢ (lihie oS A 1Y g g 32l 2 e ‘é.su
lde Al o8 elld pay alla RIS 4kl o2 ) Sl e AV
Al A el pasinly Al 3 Ade Ak 0 o s
BSE o3a st Ll ale G dpulud osSiu oda il ailad
saliadl JS Clald (adiay 49 ) (nmaie A8 2 28 Cibie B ¢S
(5 AY

e ko) U3l Gl qbi Lo 5 CiBle 5 cASIAN A3
conll lgnn 1ol Slae o (Sl o/l LY e
Sle dmaal S Jaas Ll fan) .Le Sinus et le Cosinus «uadll s
o2a Jgha o (a1000) 1 dibue ahdi Loxiad cpllaiily Alile Gk Jsb
Gun Ol Ade 5. (p100) h gl V) Jolay Lo Cimas (5555 Glils (35l
.0.1=100/1000 Wlia gy ¢1/h Asuill Al IS5 58 3okl Jae B4l
T paen o oda Ll 8 daayee daill) Bl Glaad Jsaa S
Jie 0813 0.1 by condl o St (L Leadina 3 5 il
OB 3okl arai A1 1Y) L (J'JQA;S‘\:J\ () Q\a_ﬁ%ﬁ@)u\
@wammw Lad b adally ¢ ieall Usbue 058 Jual
cuall Gl 30 Jabay Jaas¥) & 1Y LAda) 8 clie 21000 I 4l
Lo 139 .a500 Jobay Lo cislisy 8 (5485 41000 —) Ales 8 :0.5 Jala
el Lms\ Caadi oS il O gra Jaie Sluld (e ‘)I.u (Cal
Sy el Byl s e bl ol GliSay B(x Lokl ke
oud Sl o Sl o aadaiay oo JS Gt Canal 18 x/1
Ay peall 03¢

96



Coa N1 bl Chai Al lie o eS8 @l e WU

coalll Gigud Aol b (10 Juaill ladl) el A8 gl o)
N

el ki g sty 252 p i s

oY) ki

(24) JS3 ki

2.4 JS
JB (i adail k) Lgaling AN Saal (uli cpaa i) Aaud gp pall) gl (i
Ay bl dlad rliiind ciSay e M) Jga bl ) g9 Ao pue U e 1Y) .G
coa M Jlakl il 1)) cga i gl gt
ok 2 i oS ) oSl AS ja

o ST 5 0 e a5 da e f dude Gape (IS
thwxﬂswah-ls43 ?\-c@nﬂy}‘,stgﬁ;

97



S iyl G 188 QU S of qm IR VIVPR
DA e i€ A A o 5 ¢(Lonn 5 ,]) LS uLs«w)\Um
e o Slly eaiims Ubead (o ol e (e 5 e 3 clgibsn
=8 " e ol Lela 1S jae i L (e e il 5 el
O 55 g 1 ol ey llall | jpuit 1534 ole 3 ol 5 S Y oS
29 Gl cpall @l i sadiedd il il e (puSall Y uall
Alal 5 S e ol ol 5 €0 Al .l il B Y S shan Y i)
ol A3 e A i g e el 1A g 1 Y uedll S
A S e Ak ae dlailly o SU gl el Hélio) Héliocentrique
sl (8 lgaa Al ¢ AU gl L B :Géo) Géocentrique L= I
AL b o aldel sl Ay jee dediall cpalydl L V) Jpa
o Sa Lo el 05855 (80 b gdi 5 puadll (i )Y 3 S e
Js— il g JS Gy o0 Lgals 1388 5 cajall A s seds o Land
Mant 2 058 S8 e Ly o g

gl s Lpa ) Jss gAY 58 s AY S
O e callall il SOl Gl Y1 cles JSEN g eLu23
Dk dgas Gl 1S (Yl ¢ sSU (538 al HSH hage ¢
slid U8 oy t)elis lie e G OS2 O G sha
dcluay  palhaall jolad 48 2 ag eome e AN O Sl L0500

Aonhll G e SIS o ol e OS5

19 49 e dsa osalll s e Al Ly ue S 1 a ) s
Aguliary «ld Jal (e cpmadll 95 o (5o amal) e pali s Y il
OaY) A8 ey S ekl 4 ¢ Ale L andl ) ol dals g cAgalad) @ ladll
Loa gl oS all (pila (8 sl 13l g+ uadl) Jisa 1638 pa LaS Lguadi J g
.oy hala

98



el sleud) e ) dll ) Q) IS il i 2y pks
On) b RN B e OIS Gl el 258 4 o Ll
I Al digeay ld e a5t ye .(168-90) Lagides (il sidl
Jsa leuid & o Joagihcladll A 4le s Cleldy ac buay
o Sy e sael (53 LAY IS (3.4 O3 L) 580 i
Guas @y Jominy Jan 0S8y eleadl 3 iS) S0 S jay i) 4
¢ jba .Horoscopes 48k cilaaia ...dclia (g 3,88 Jlgd e
om0 52l < 1 s 55 A aadlly (S0 S0 e Ak
gl o Ay m Lad g e el i1 i msd Al
e Gall Ll M agd o 38 gl elalall duailly Ll

cohlle g LS el dille (e (il Jlac] Juady

3.4 08
oo A pall ) g & Jwa Tl (oA A3 e ddlax (B (al gy ALAT LY
o Ungiye oS gSh g ¢ 90 5 mea 503 o) 1B e o jaa Juid g )
1S 4y g 305) 4ol Jpmand 43 630 R Jleaad o) ) B paal § 0
(A e

99



Sy
(Dl U 322-384 ¢ ghawf Ji ¢S0g) (ol Sy clld pag
(Dl S8 230-310) sabu 3 &l i sa HaT Sl 7 8 8 S
On DU elliy (uSall ¥ Guedll Jyn 35 A g pa Y1 o 58
Cua o(Linf) A5biBa 3y sk cigalally Lgins (Say Cymy lan Apaa ]
058 Lexie 4 BaY . uadll e Ulain ) Al o b 5 Gaus
piisall e Angac Gualdl oo b ball At (S5 dial i il
i) e aaadyy (44 JSS L) il Gay¥) On el
i)l 4 ymay Q&;\_}mdﬁé\é&ﬁag\.&s\m@ ol
b A gma LS S0Be (ks Ui o 5 al ey ga ) o
O any cualll pae diladd) Gilua g Uil o(lg2 ol i 3 A g Sl s il
O Al e el aa a0 19 — S pa Y Ge uedl)
wmsuiuj,ags;gq)mjgs:, S0 350 400 225 (uadll
1350 5 0368 150 o3l (IS 13U pgdiy A8 Aa 3 90 (ye A Wy
Al gl th.usuuc_mutsmyumusg,}muu

4.4 g
.J‘H\MLJE‘P\MAJMJ‘L@O‘@}J\muu.:d\i.iuugmi.\,u
100



e 20 _yasll L)A.h_li il \J‘\) iA..;B_):\,\S Ossa Ui Caa si.\; i.),g.u
IS 3oe cuoder Sl Lk o (gl i goalall kil L) (ST
Al ead Y Joa a8 culS Guadd ol WS 1Y g (Ul
o e Ao w s Gl s ey laa SV sl
sin Ciafls alalNL 4ale Jla JS o 461K Ly 19230 4y &y Hlas

sl L s e ‘é.‘ﬂ.l:u.uu ‘L:..fj e shanad s> 4ty 5 s5 922

-

Aol o jlal Cipas ol Canliall g ol

~1473) iy S VS5 b o Sgles cnly S Lol L
de genall ladser (76Ss 7l @b f Ak ha g3 (1543
ol Jsa a8 (leie g Y15 SIS paen of Lia stie Zpenadl
Glld IS s Jga (oa 4 o0 oA B 3y i O jlae Juady
o el SIS A pay gl Y deagill s bl Caags cadally
6 pl dilen o8 LB 0 pladtuls el e e Juadl IS0 o land
Jsn 50 5omaall ol Tae (Y 4V 8 Ll L e
L SISl S n pen — a1 e s WS — oY S il
A S olaialy U Bal€e Ladid auly Y Leie (515 33 il jlne
AN 3aina Alea iy S pia Alasaly Adda Slelu 48,5 AT
ek ¥ b S e 8 g YT Y peeldll pag 4ad pe (sl A
sl e A oy L Sl @l ga GS e o Jsil
Al 4y g Lgaan A @l e 50 e JH clS () SN S jay
Ll g s

101



sha ¢ ajlaall 5 45 Al e Jany (8 Gl iy S caal )l 08
A S Jgiad p sl o iy s elanal (ge Sla gt dag ey Ak
Ao it g 0 — Sl oyt aal (Sly sl leaas 13
Pl Gy lhe a8 Al 438 o sy — Gy
e 3 o dlipsS [ ) dina cat S Y Gige Jlil
Cilpal ek (1543 oo b llh (IS e oulotic o il st L JulSI
G 4 L D\.xh Y :\J ol g A (Sl «De révolutionibus () gixs
YO I B30 VN J [P RN [ PP B I T
A1 el o glie 333 215 pae S 05EDn (GRS ¢l 1)
OIS AT Ll 353 G Le Ky ol o ginall o a5
din o sy Al ol G Alame o aal e oy Laly el S
o gl sl . Caarall S Jod)

O i S il

Al ye o Jst . Sl il sl aal ol oS5 (S el Ba)
«Supernovae (sl sy s Jladil o (SIS Adl ye daly 6l g cplaudl
Ol i al e ae ASHN ajledll 8 Lsae J Y ol f
Sl Glas) b o)y S e (Ba) M Dileny ) Je 33yl
seg @l (i ikl s (1609 ale (pa | ylhel @llig Jaih i gins 5any Sl
(—Sia oDl (e Ay shand daadd )l 13 S (alall 3 lus
G plaila B el Lo g U 8 iy puealia ¢ il ¢ Saaliny ol jiaa
slaud A gl ye 350 cllill AaDla 5 a5n i b S ey
.Uranibourg § s o

el e sl Walae IS DA dnd iy dpall ol
G et Al 8y (Adab ey A, S ddh apeSay OIS aall

102



Sl Lo S el e A8 cllaadle 4l CucSl 58 cda g dsa g
leran Sl ey 565 Y A Cllaadldly Gselly Y0 ALlS
OS O O 5l A ClaadL G sleds ¢ sa s Jglas sy
i O B el ol dlle dal Bl (Sly ol & L
405l 5 S Cllania aieail sh g clags dusdi 3a o al) Sl ALY
Bomad iyl 3 aliine JS8 I Ay (S ol oS5 IS il
Se 0% Al ol S ey i s o ) el Algh Al
?um‘um,dmﬁ@mnou,suun Larg JS3 1agy llilly

L ol 8 pole (s Luale 138 5 cAbluna alaiy

by an g ol oS0 oS0y el S0 g of pul g (e

5 califivne A ynal 3B AY) g calgay) skl ) e 4l (55l
oy (19190 Jsan il (5l) (soshl e (Slip ol Adiday Caaal
4,; Benatky gS:!Lu _yad a\Lc‘lé ;\.\QAA 3.»\3}4 °\=’l i)@A.A o o‘_)g)&_.ﬁ
O i G ccabaia ) Jeay 3ol sSh OIS sl 1 b Lol
maay Apaly ) Y Liafike ga V) dsa SIS S 0 sd G
oa ¥ s om0 388 e a5 oAl dea e oS0 cleds
Uaa ) caglall o sadl 138 8 Llas Apea 4 Asuilly clS 3
dea oo Wl 68 Ladie A8 S Jola (Y esall 2 )b o
Gnd Leoolad Sy osS A LAY dgall ey sl )
AUi g1 7als ol 3 eol s 4 18 Lo 138 5 Sl Y — Sl L
Ll o€ e 4 etk o 53 A3 i (53 I Gand agle
S S aa) ouaddl (Sl Gueldll Jga 50 S SH oY) e
BaY e 4 JB i oY) e Lgui a5 (Lgo Aagiyall
P cdallal aa (38 g0 Y o)y oS0 GldaaDle gaa) () & . ) GalS A

103



Z GaS dy e e g L om¥) e g WS Fudl (S SIS a
Cah Linf ity B aal Sy & ady gyl 5oy s (5.4 JS3N ki)
Lia Lagiy Y g¢d ‘i)ﬂa ’id.}_):u ol puoSh IS Telld iy oSy
Al cellil) alay s Aige s s o SEPEER RS RS PRTEE
ol oS lal €l Loy — Sad ¢l (5 suad U 3 guaial
Lo pliallyy . Sl 8 Ua fae g 4) aaily 4y Juailh LY S 13
A 28 o jee 5 Maud LS A ga Taad

e ool 8l (lnne) Taelan 1601 ale b LS madd 1
e A Jab IS ¢ oan db 8 o) &5 IS LAad ) glad ABha
CalSh LS Wl L uadll 438 50 sl U] e qalally (Sl e sal
3o sl 43S 5e iy of gl elld g gL Al aylie 4
S A e Cahe i ol pa) Tyl oS Yldal SY1 s s
g LY (& e T o o5 die Jang 1) 1380 5 Ll 058 o]
B ysuaadl o gacluay ol psSo OIS A AN GOl QYT e
@ sn adlai dana o Al @i (g0 4l mandiv il g ol saen
Jaall e I 5ed) S Qe a3 e alkai dy Siiey
dng s Chotls® gl isasdl ofola S Cua ba s
O e cdlgia ad e Lol S LS (81 daall T ol s S
ol oS oS L Laill 8 4ililay 30l Lasa g slad e LUl aledl) 18
o Tl s agns of sl gsie LS o el vl e 5im o
Bagall SIS 58 23 (e KIS ey 138 5 4 jall 5 6 sl

s ol oS T 5 5 Al Cpla ) G Coiadl gl 128 A
sl 3358 e e st b Lisde (S 41 aslally dpalagy )

104



5.4 Js-i

s

N

oA

b el Sl A

Ayl A5

Gasaly oo

105



Gkl Caat g Jan o el S 4 Lae Uy €1 sy syl
$ S s Sumdll Joa s cpa¥l lae L cledS 81580 Jas Lovie
Cf e Clada S e das o Lagie JS cola ) e o iiia
Cigar Y Slyshs i ol Login Ja0 (e 5l 03 (f8 oY) g +Logi sl
sH ] S iy Gl IS Ja Ol mn 3lad ol s
Jae 13 S JaSl A cillaadle Jglan &y 40l o355 A ) T
| i 05 ) seiall 43l 8 o (b g flaa Cum 1609 ple o iy 4iika
g sk Uy & Jaa (b puadd dsn 9080 558 . ualll A e ol
« lna Pl a8 o< AS o a5 WA )i (sda) (uadd Cua AdlSa
S e i Ladie g o b puadd e quAD 5 520 (B (S Latie
O sl Gl e Wl 8 okl 08) Ul s ot L
S sSI  Jaal gl sl () — g el i Gy da guadll 2 ghal
Ol s 13 (Mewi a3 sanly Jal (o Lmit Loy b — (puadlly
Ll il (p Raeld o Gl o) ) o) Jdl .z skl
gl G Aial LIS ael) baasee g OIS clghe i cals
i (5 gnal) A o8 S8 IS o] Gaw Lo I bl (Ll Y
s oY) (b 5 i g2 038 S (g L g Lind 95 Ll g

A5 fa ot Sl Aadad Jleed) Jaal I 13
OS5 by cluall cilelu GYT Cadl tiaula A1 Cgula Laig
Lodie .pdlSa adad U< o il jadl of oSl plie e catdll @il
g skl of Sl ¢l S8 e s LS oSS | e (Y1 8y
ol L€y ¢ 50 Ly @l glly o IS ladas i 5 el 4SS
GV el Gl @l 5ol ke e WY OIS (64 JS3) Al
RE TRV I

106



¥ Piuton

N 10 A

6.4 JS
(b} o) Sy (a) (ead Bl NN (Do gall) gt gy (papau i JS
107




il
@ LS il 5 Loy 1S Laf o Sl L o
Opanis Yo LS Uil Fida Sl U Ly s30 alel) i Lol 3l
58 DA e Lty s el o Quls b 51m Lo isa oIS 3 ey
g sy o sde sl oLl A Loaaf Qs elawd gad 4
138 ¢ "CJaxty @S L.aj é‘“i s Log ol adly el Jllle
o e U pla ) 0S4l s Sl 1igh ol pay s
S AL i € 4ok ol daala B Jigh Gy s e e
o lal (o) Uase 33 of 039 o8l (il AN b e
Il gl 1 iy il ge S 1609 sl e lael oSy ol
Aoy ) Lein Cali) Cum g idiall aladly oy S Uil g gl
Sle el dlbiey (K Al ekl (S 138 S o 5 piua Ll
o e | liel TSI Jga g0 bpiall LY daplall i o
33 e plln el oS Al e Law gilayy Laige 23l Alaall
Jal e 13 gk Jgn L35 g ) o e Al cmg (S0 - uadl
snad ol e VY ccs ) L lBadla ) g ol
s 13a S . bl il i (el e ad il A
5553 Aald) 9 «Cag y2a 9o LS cInquistion (iidl daSas pe aclial 4
a3 Le gmiy of WD ade S A (1633 ple b Aypn
S S L Lol o) ol (e o ol Ade ity L "Ranal
4 da gy OIS A 4 alall 8 <1609 ale i i B oS QLS 1
SR ehan] g 4l a8 IS o G g eland) Y o e e

22003 <ysh cmals ‘Q_Ld\.'c O Gl ".ui 3§ C_H!i 248 )L."\ *
108



Loclia S @l pay (S50 g L) alaaly (U L) o sy o 4 V)
il e oy B A ) dblad ol digad lag ald e
Aaall 1oy 36 (L) Aaadldl e sl il Jle g (LLS) (o kil
g Lagh (g el clin U S5 LSy 0 g
Agiladl @l gial) ddsaa

Jie) ol ale elde (o Aiipe ol ped aguidl oSl ey
pelad (ldsall 58y Sl @l ae (@l adl 058
e elde Jia leigdl py W oL2Y) canal B dugd oY1 Aa ol
00 A Gl Alad HlaeY ael of Luliad o3y 3 o)l
B3yl Jgindl Clawal gavadall " Lhdll gpa e g S G pfsl
(apadl ing) sdinall Gl sanall ple ol b Jlia 29 Y ellh pa
Adaadd o LsS J laa ] Caiesty 4 dadall 5 jsaddl Taiig V)

o9 (Claiin — Apuigl JISBY) st 2 laaly ) B
a5 all A8 Y1 Cai ol 5 A L elay pe (DU (iR
gl Y syl

Gy i g haelaad () e gk Clliajadl cl3h b
& sk il cNoleddl dgdall el iyl NaeYl (g
Agha ¥y b ) g ghd (AklSa

"clig e om laelad (V) Ge Gub laal sl b
Ml cuan el Gaua @IS ) o @l sl

«Leptones «ligiplly <ligfigdl = A 4 paie i :Hadron

Cliggall) AL@N s jall sSH Ll jeS Adsadie <l ja Quark iy ST

M M .(C.lt.: 9 _):\.\M 9
109



Vo e ¥ skl A5k Y an gl o6 W) oyl e S
(o G0 JS Al LBl Canat Yl dgiial Laghad 1l
s o 28 (g i il Gle oAty ol cula g ke o g
Dl e yaly el hll 6 e JS2 3 Cliiatl) ()5S Lovie
o3 el 8 Liad aiw 01

e A e OsSE eaall LSou LS ARSI Ll
5,0 13 ed o g A5 Y — US3 LS calal pay — sl gl
o8 S (S cpuadll Jsa a0 Al o 3 dle 6 5 (Al o
)5S 3say aa S (a0 A Gl Yl A e ¢yl
SISt g3l asad dea Ny el de gendl £l
& b o Gai Gl e Jlaadl 14 .Exoplanétes 4o s
Al el il

P WECHC P I IR T PN [ PRVROR I O
sadll (e @Ji 0585 A o Telluriques Auda Laf o
cwa ¥l Gl e idadiy bl JS3 4 e Lgtewhy
wissh Laa O ool aiy el g @ G Y iy gl
ol Ala jsaia e SHSH 238 ST .Deimos (3233 Phopos
slawsall Aga D i) eS) L85, Asa dilel L€ ) SUB dllas
lensa cOsisks oosiod (st (fle (g ddl iBDLe Ulal
dnt ol L€ 5 Bl LIS B e oe leadle 3 0%
O3S e il casbia (g — el S 5 e el Gam
ledsa Lot sane ad g led ADleall SIS0 028 aaen — Syl

110



Wiy OS LAdhae agan jsaall (e adal (e digSe cV e L) Gl
il GLIGWY) KUy L s3a Jiar Lalae Jaii (ol o Lasad
S oSl laill i) e o) LV sda Jie e leasan o G
(olina] (3 he pie ey oLl L 5 cdadl) Tadde & jalie (S
U by dan LIS (SIS U8 el e S5 (gt coild
a e sal om o el (V1 ge il uaY) byl

AaY il Wl e 4313 2y S 81580 LESLY)

JS e g aan Agile ?\_).J (SN Sy a5 a gl

o 1an 5 laalael s 3T 5,58 (3,08 pant o (e pad A Guad

o Loy Uaiiy G b gt yeas Lebinad oLt o of Cuny oS0
Jac e il loal sl

Gish iy JY¥ asadl (e Cladine §f IS o 2ol
Aoy BlES clowd 3 935 sy 55 Levie () clgingl ogdl oa
248 ol 1) i (e et Lavie: Aipaal Ly 5 Aguliie 40y s Ainina

p ol Chyiaal
ol anill el WLl (e luals Syl L el 8
dacls aa g 5,a9 22y Ll aall @lisse hy SISl 0 Al ga
e <5 cadally couadlls il sal) flay o e G ¥ Cusy s S
Al Jilgl cpadall (00 8 (0 A8 auala (KU Ly S
oblidl g sl e 30 aall cpallh dery ol S OIS Sl A
ol GBS GpspSy g Slal 13 Sl e g sl

111



casadlly puadll (e adlall ¢ guzall Jlan gl A guall 4y seaall il
o (V) M li€ayy oSl Gl g nga ) gdige aladiud Juady
osedi la & (a5 eV tsaly )5 4) Spectrographe b diad Ol
Adgia Jlat g and day Sl s g A (A

Lo o god aiad (oY1 — i) (e g Cyfiealin Lo S g ad
oo 381 6 g By 100 Lend cuala ) dgla) 18 DU oy
b pmall g Apalall L dualall o3¢l dueSl Aan sl A 5220 (U
Ol sa Lo flaal A Sl e oS L Spal 4k S5 A
il sl 05 oo Loy Gigw Jeall Cadall a2l
op B Al A e S 4SSy den 0o 4 A da
i o el Wl el & gien cihy S @S5
O Lasie 4 g yuad e JS) Bl &) S0 0d 000 5 ) el
I Jsa o OF A8 eloan @ ARl 6l e sS Ledld Aagia
3 oall o) s 03 5 _plen (e a1 Y Tl 2 3,390

AV ugy a Ja¥ LSE ab el gl Ay (B
Ol 20 sna pladiuly diliadll o ol Cliiual (i iop a (S oleil
Ol i (K ekl A sl 32y ohandl 3 a Aa )
o (S S S (il ) all Jilatll e plasily 5 5dle
IS Tagms pad IS LS adf g e Seliaill i lan Tyms ot lkans
A Samdl sl Olabe a8 Jeis S 1Y (i O
(74 0S8 i) Sel iy S oSl pall Allae QA 4 cqidally
13 adini o} el 03 (Kly . Laga gp LS Bl alasily caukally

112



7.4 Jsii
oa sl NS &y gl 3y il (A Ayl p gl g ubsh fane
aaill dea i Cagaa 19 .o 1 ol Sl oSy e ) kb il
21 iy Jf 0siS 21 b S el T Lagiy deay neg b
A Ongajall Gl on Aalal L0 Gudd Sua (s
0 Gl Apariglh 43kl o3¢y adiind ¥ i) g Adlusal) Cras
i gua A 100 (e

Cuid Wy yi S5 Sl (G 1908 ale 8 4d daall cual
s Al Céphides uiand) als Losai gup 3 Ll LS

-(Unité¢ Astronomique, UA) 488 saay | = Lualdll — (sa By (IR WA ’
e oL (gl 146 = 4 gun A 3262=UA

113



Sled sy WS jlaialy caa (e pdand (pied cpdand Aald Cliia
Leai 25 G o amr iy yin G loa Aaliine ailmay i e
S 138 Uladans 38915 LY b ceday i ) A o clgia
i clilie o aal g0 cladadl o3 JS of Jloely 48y saaad (Say
Oy cainsall gl DA A8y phay et (gl At g A 100 (e
Cijes Ladie 1885 (2.2 JSa L) dilud) aose oglie g Gladad)
o gl juas N gl aakdins Lld Gladandl i ddll)
i e 508 Ak ofald) Gy aa g laelal V) 0
(@laad Jaiy Gaisall e Gladaall ) aadl LY Gldadd
b 1 B St aa g Al I A B 100 e LS cililual
e el L b e Gy aad Oladaw 2aad (Say 3agalls S
B Jead LA;SS Ale CuLal bl de A8 ey i Gladadd)
Shil) ¢ pall - Glabaudl Jaie ool QYT e sl Ll
& b 2 LSty oIS LS g s Y Ll W ooy (oske 7 JSa
Exim e NV Gaal) RH Faidl oseain @il il
dhas z gaia kil o puia g asail (e (alaall Apdlall Cum ((Juig
ok e B35 JSYIp Taldl el g 5 jlally Aaklull asadll (e
iy o gl caat Al 13 o o) aobiEl) oda A gl o gal
o GV b adlt aa 13 g o3 el liwad (uedl g
pod o g iaddiall 3 ) el da oy ladandl palll @Uaill 3 el
JausY) & -Bételgeuse ) galiin Jia yeall Adllaall :4lila 93 S cduals
3 b 3 s g (Oladand) Al 55 jlall 2 gl 25 Ol
oad¥) e s ¢ il 13 ULyl . Naines blanches sl ol

114



e

el d}; fﬁ:u;.ﬂ Sliall ;1»:\)93 < ?ﬂj J}L:\:\.m o _yuadl  (ya
A5l 5 A0 sl 3 ) gell IS e iy
Anall) o landl 038 Agalla agd oSal Lavie a0l Ay 8 ead o
Juals dilandl @l e 388 A Lyl 0S5 W R-H Jaid) Juady
o L S ‘CJJ—}AE daals ‘?A A “?SLJ\ ‘éﬂi“ (O i)
el il b akiSy daf asaidl Al uae 13 el
oyl ads (8 Juadll ki) 3548 530 ) gy abia LB A Ay 40l

zb Lovie 5 Aaens dlay Ay 48l On 22 o OSar W Lo Y

BJ\_);E ‘C)SAA _):m':" _)_.}.::Y\ KT dlﬁ cJJ_gi_)aj\_) L.ij‘\ 5 A 43)594
Angud) " SIS Ay 5y () i 4 3y Lo 130 g lan i (e
O ouelll (Ko @y b alein Lo ol LSEl o Gl LAkl

Al sl o sl Al Ll U< 4K el (1 e

<yl

ol L0l paplaiill dae pell A 0 D jae (pgd SIS
el adm Mad 138 i guall il @bk & ey el
dle 8 5ol 1588 G yaal pgpie il AdeDU Guai Ly st Ll
3S 5 ea) Aol Cjla of Wi caldl G Ay bl
Cay i e 36 gdaa s o suall 3850 U e L) i clo Lo g
Blee LSl by yo Al Al laa dda Clarada da 5 1S 4
Wilson (galy dia e & Palomar Jlegdh Ja Je Lo)ellS 4
Caluatl 038 b Leb Alnna s s inse sy Labasal () pmaly ) 5800 Ty

a2 il Lgiaika g g Lgilalany 5 oDl Lgany < pe A ALl 3 guine Quaker ,SISD
115

ot



e i gl aEie) (and) Nébuleuses il L samy agd
By bl Gk dume s 108 G5 AT Coulall Gk ol e
38 sl o e Al ISy &g 1920 ple b Jua G
ol Sl de e gy 4l culal 55kl s Andromeéde
I yaall 23 (558 Latie Lelandl b Gl ol @l ke 1l go ad S
T SPIENTRT S PO N DR IHIE W ER S T (N W5
ol o Loy AV Lwiamsy S a3 e ¢ palia)
e s Ldi Y A

ol Gl J8 i eoudle au Lo el ol aag
Goble sae U8 dy ecmdle sae nd 8 e gn of LT ¢ gl
Sonall b s oIS Lee Uity o guall 13a 5 1) Jgemll il
ey ¢ gall Gl couadll Gox Ledie LAeal ) glejyl el b
Sl Latie y L lgie Liloan o dluall Labals Llay e (360 45l
A ade S LS ol i <Alpha de centaure siiw o Wl Al A
Gle e duaall Cad awy Gl jae Jaadl Lavie § cdin Jgala
Lo i 3l Guedll o6 138y . opinadl e i yLlall 8 i ¢ gudlal
o Cun a ) By dagd b LS ddshe dagd V)
G ooode gl Gugd BRI A seend ) G sl
TR EVR -t B I P (PR O TN N LR
SN Ay b e Gl Je ofs Ayl el Gaun I SL ki
A Y ol ¢ punl ey

*

I omal e iy s ol W da g e pais ey 4l Y Sl o e
a2 el cli sl g gl e g
116



gl Qs ‘!,.a GOes
oM Ly e chisime By LES g5 < jaal 2aig Lotic
(sl ¥ G adaid of 090 Uhasas ) et et ¥ sy (g )
Gkl Jumds lacliad (V) (e galiiosd 13Sa 5 g sl el Y
o Jaiit LS ¢ Sauall Leid clgigl ol el Aud jn ¢ ulill da gl
oo Jun cpgd il (1930 - 1929 5wl L ade 5 .agadll
A 3 b cosmly din (b a5 sall @l Aali 5 apaall G Sl
S yaal Gl aaf o sl e gl samdl el G
ifeS LS o im lae psadll ) ol ABlee Ylea) (oS
Gal 3 e (0555 Y plina of 58 psham (AT aa clidaun g5 slaie
lag oo olisand Lo 1305 . 50aY1 gai (g A sall 50 GBS slaily
el i (Say S Sy saadl sad LY chpalal) 20 A5l
Effet s S loas il 5 bases Wiyl 5 als Y 53 5ally rl 5o
o jUasll dlaaa af lay L (K (oske 8 &5 ki) Dopler
sl ol ol g e w1 Ul pusin base e
.Graves {salgll 4l 3 dgu Lein cAigu 4t dladl 2 g G‘JRJ‘
(in50) 103 L) Lalaily &l (Agiguall) 15l of adlgl Glld 3ga
Sl s Moy el "clase JH' g Jealall 13 LLjw 3
Dl Jue clie aaii Al 2 sl cpuSally L ST Mla Ggaa Aliandllyg
W (0 gl ofd 1agdy S0 saeliia 15 zlsd L) ol 51
oally €T ala o 5 s @geall Jupal gy Levie 13 .

« Al Ladic

117



I G i Laiad lad el ol Gakay
Laxie 5 ¢(SH ala ¢ guall ¢ uall An gl J5h) i) g3 gl
Cils o gl Sl Angpall Jok) el g 15 ) ol iy
Lo 2 el e ) ¥ da o) U Jeasi 1Sa, (S
(Al ey Leda ) Lol Ao e cana B Jua iL 13
508 laolaid de yu cuilS (b samy G aad cul€ LIS 4 13 i
s on Ly 190 4 aBIL aw U 6 el b Ao b S
ol L iy el Gl Y AU 238 maa i pady La Ul
o (£) S Lrsnd o iy Slee U4 Ulabaus Leases Ll
O i VLAl e agall Gl 38T Le Gl pag L (£) ST bhany
Aliae 4D )
el (s A ss) Sean Wl Y (e Gees Gl
Y sinn g 50l s VA (e 5 gk 5 g sajlai 53 palallé
Gl ad sobe S i daal b ool b oad W 1Y ol sedag
oe sl aaas sl (e WUl 5 sasly Al 8 Cuess
Aol Undge IS Lag cclliy) Lie law JSY1 o g8l o a9
Anle ded Gl o3a kel (8.4 JSAN asimgy LS (Sl
ol 5 (1920 ale b lad s s ) Ll yal S S & kil oL
Aalad Bl Byl e BRI (1927 sle 3 i) zoss Sl
Gty 232% s3 cpu g b o sSD 5 %e Lkl 8 LIS @l e L cplaiaY
sale zosa ol (ual lsusae HUANI e A OIS @l ae
b ua Akl 35S 50 LelS ol culS (o oS0 Ay 8 ad 5 i - s
118



8.4 Jsi
ial Liadga ¢ LY 5
Ll i g Jaadall ol padal) cLindge GUS Laga 4d) L 0t 68N £

Lo a0l 5 el (8 cpld g il 9o

119



SV o puly aY Capan Adsie 5ol 2l cnt aais slad sl 2
gLVl dasy 4 ;u .Big Bang asball Jlad¥ :( L) sl
sele L) QS Gl 3 pealall T cpm (8 lail ga el o
o el Cah Ny Aie o ailaa Jlall falidl Gl 3 ol
G5 gl Slall aall DG slael Al Lmall) cille 3 54 a
W eladyl il We ki€l laiey (G 4 Ciati
S35 ) Lagilh ¢y sl flasl dislian e padl der crpndsy
cadaal) i) Aida ) oy sele

o8 ARI ALY calal ya caidiadl Jlad] gl e unall
p—ens A faall el s maa ) Basall (e 2Dl dlead
o3 5 gl 5 4l 5SH ASalinall el oSN W sea ) dpmaall iy lasl
o Aaaadl VA s LS el K3 (Sl el Wi sale
A gaall GLIRYY ol ce guall la Al )3 Lgy Cnans

R

120



5
é}gﬁ\ Zd.rjl% (il g

ol 4ygat Lo Giyad ol 13 aglel 3 Liad pgdi o) - Janll caSal

ol sgd el pay Anagee ST e J31 e sl slad) 3l
Jaadl o A8Uall Al (o o Loviad 13Sa 5 . ale)l Laaline o
LS el e co cpumn Ll Jaall 8y g Liaf f «aial
S L By cosdl Bl a0 waliall o388 @llh e (5 yin
Liadd Bad Y o o) el 8Ll Lada fase e dpaladl clleSladl e
O s A A a8 ol e g Al e Giald (e J

S sl pald J8 g paal) Gl s sS il O samy L
Jy lalhel 3 sa (s Ala B alual) jadd Allg daud Jeas
g 53 oy IXSay . sde anlill Gl Ay (@80 2ae iy b
ilSadl ple (805 bl 2 I asgial 1 (& oo
S Al 8y el S die pdingg c0ina 58 6 AL o = Y sens
b Ll aal ol gas) o A Al e Ly e . aadi
Ll any 450 Canad A8l (Y caa IS aaaat Gagas Y cely il
s b Lyt 4l plins Ly Algjme o 53550 28l 2050 3
AXa 4l el gag (Jghre el paw S Jeany Lexie L dilh

121



cebipal (8 hgisjila o el plaid 2l Ay L Y jall
@ o o aeal) o Ao tall o (A Oal el LS sl
MR daale (o A pma A Lual Gul casall £l 58

s JS L pdle e JSA oAy ol ll (o 38 el o gedall 13a
P 5gsa (2\....;.@\ L}A) PRECRVRNLIVENI B Kot} b gall o LS Giany
Jiy WS il W .38y JS8 samat 50 a2 seieS Ayl 3l
Bhie g LS has Gmale Gyt dend) o i of Ylaal oS e lg3lé
Alate Aleld 3 o ggde o AU (Lallesd () gay . 4ile

St
Xy aie dee B pd) zlngy cdae Juy il s zlsy
il S o e JEYY 13 o Liad e LSy 5l Ja Y
o SoY pseie luma Ll 13 elngSl o 284 Jery o e
Syl QUi 8 5 il o pum S B eyl 3 Jaal) 3ny . Janl
Bladd U ava by oG JEN! OIS 1Y 50 o3 e Gt il
aanll 138 aby Alla b oaie LS 08 Al Jead) o LB duaa
Ule Ly & (€20 435 S G3sdiaam Lindy 13 sl e dilud
slind ) 51 a Lae i Jans g Wil ¢ y¥1 edans 0o asly sl il
8a2y) uSlae olatl o Lo jlai 51 f3 Al o3a .0 il
G )l g pum Y D Gl dgepal 5 s (U e
el gl Ay e AlS Jiladdly oS Geva e
& O sial A 3 saiall a8} Saiall Jaad) L(PBX 10X ol 51K 20)
o Letie Jaall uld sas g ga Jsall LJsa 400 = 2X 10 X 20 13

122



2 Gy it Y Gangy el Al ol e LI AKSH e
el ) 8 10 Lyl Jolay o3 & ¢ jlally

38 L pm ¥ o a4l oo iad s o Bstiall sl 1Y
Jery alill axiig o oSay (AlS) Akl 5l ae (38 5y Josiull
oLl Jsa Bl Jilee Jee w1 ean ¥l il
Ligizas 580 (e ey diay Gavinall Uk, Ll of g el Jle (BuaYl
glEY smaaly BN e Jg¥) Gpriall bgin ofi AT (3 giay
o suadd J¥1 (5 paiall lind) Lovie Sl daly ollh pa 5 S e
(s siaddl 138 (B jae kel Daiall Jeall Wsa Wil (0 fie g lis )
O e J& oaY ) Gsall J sdle] o4y aay 508
A Jaii L Adals il cllyy alay 53 (5 st 8 OSL 5 saiall
G o JSE ey s e it (S e la dad ) et e
elail 3 Lgnige o aign 58V ol dulS dilh ey
(o ¥ 53S0 0p oy ¢l duilly)

Dlad . Jaad £ e 5580 o Wl G iy )id) ol (e
Bl ) Jsan dseSl Al o3 ol ¥ A Geviall dagiu
S p Alh e Jsiiy S s 4l & cénergie effective A
o Ooadke 5 ydie g Ay e A4S (AS_jall a3 AS ja) énergie cinétique
el ull 1A e die

e Y agad
o dasand Gl S saclue 4jas e goal L

123



4Gl gine aal 2aey Lavic 4 gl L @ LaaUa oda Laia faue
sda (4 ¢ e (e By S A g Blaa Jila Al Sinaay el AL
sela SO o gyl ol & (V1 (5 sl o a5 ,8Y)
e S Laga ey (UMY A pli ) doley gl Y Lo

(1.5 Js3 ki) coplild) (o gl

.

1.5 Js—a&
o Orl (A mal ) (b AS gl B SN L AT il O shnall Ay
(LS o) A gAY

o oladl B Jpath Anall) A8 o Ay peae Al e Al (J
Gl L AslS il ) &S el dSlh) Jsati cuSall B A a Al
B ASal Ay (Jee ) Jsam o (Sa A A e dulS)
I ) s b Jaadl iy Ladie aua) de ju DA (e el A
cAY ) Laaal Jeaty o lagdaiog d8Uall GlKa0 pia
coobill ALy Augale A e ASaly shie s d s
0583 Lary el 3 Ll Toa 1 gum 51 e il il “5SlS3a
O Jsaty Aibide VI 33k L odadad ZBAY LK Lie Yl g
(o885 ¥ g paall e A5 Y Ldaia b Alanally oSl ¢ AV ) sl

SIS 3 g o) 1N s (5 gianall I Lali 3 i i ) 1Y
124



Aond A OKe JS g oasasey Ada ala Ly Basage g
(R A8l Ciliin cdn g gy e gumall g ¢ LA L (G sl
Cas yod aadialyy ooyl = Al il + A e Al i of 1Y
B o o g bl e Gias ol Gl bl I8 el
ol o daguda A8 pull gapar dyg e AU Jolad 48 A
gl y P NG dygpdae A o gbud AdalSH A8 o o
RECUS NI IRV TR IR T PR YR VP F- O SR P
A Al cad @ jlaeY oda i dl e S0 Lega

3 Yasie Lasgie Connd 28N (f 5 o S5 oge s Lo ilially
Al ol Lhas die uadl col Lolaay ) oadl sals o (Se L
o AaEally ey g 4 iy Ll GG o e dadat Ly (L
CilS dgma S 8 ¢ JS G Ul a8l culS (ke & as
O simaal) O ey sadll b (S il Al iy el O deass
JLieYU 359 e 0 a1 10l Tooalall oda s Cae . il
Gk Ual Lo 136 L clSISayl Jads cony U 0l 3a o @l
Al e llgion KAl o adlaiud e adl Adlall Laia Tau
Ji Analk) Lemila o sS0 Caa (gt 5 KU o sl o cany Sl amy
A Y gl i Gl (d A gia 358 o Lliel (oSe L
Bl 4 s g il ga el gl o Sl ARl JG
U g gl Lags 32k Alead cale Tase 138 ) Liall dagl 3 45l
13 daadl e Sy Lo JE s Cua ol 23alS) Lgmla 48 (5
bl & alaall afY) aalaal fane

125



Ay i Ay

Jeal Jand ge sl A e oamalall of la Sd e
Jeadl G ADle 1 gl AV Joan LYy il gaall Ao g aial
dal ey Al Aea e 3alls 3 all Aa g e (e Al
oo U g e Ly iy Ay Aadley fanl D) o2 ol
fii i) Gany s Gy elhiy Ll by Q8 8 el
B A B o e e (L K ASa caan Lages) oLkl
QAL el ey L JE ae 558 e cAnd Uil o Slad e
slall 255 sall a8UA) oLl i Aigma Al Cadans 13 Slee 13 Al
e Uil ity ABie (ASpiSse A8l L)) < gat

g pde el (A Y il Ll il ells 35
s Usll ol o3 8 eygr s Sy hag e omiipdll (e S
238 4y Juny (53 paall Cisliag 5l all dayy o gy Sl s
W paally vzl o dials G L Al 5 el Aapall 8
g aaall OIS LS . PV=NRT .5l Ao o V) g ¥
sl il 2t ¢ la dailim LSy o] € Jasual oS

g oSly L 5 a A o gl e 1 Uil S ja
13 3 deanally 5 o3l hae) s caus d iy Sle 5l a da
L fase W Jst el iy Ay e caly S 5 Al
Lol g AW U Laaaal Jsany of oS Jandl g5 pall o Jadlly 48Ul
(B iy Said) Jeadly Ay peadl 3 el Jeala) il of jelae
AV s Laalaa) 4y Laal @i Laxie clpal Gig jae o gliall pua gl

i el s Ny eculs o R Cua

126



a8l 45 ja dilh o Jeall Addlie die A8l dais (e el
Of Al Adlhay 4SS dith Gn Jaall La Sy dulS
Oe eda ol lud dlia (J Al 4 LS oSy ) ay Jas
oda (Sl .agsay Al el gell B LAl aee ) addiy 3 ) jal)
Juals o 5 camea 5o L by laf @8Ual allas Ll
Lgisa g "Gl jlud + Jae + 5 A"
sl al

@l el all o Jaall g5 ) adl o clihall o3¢ 4300 AV
Jala W (2.5 JSa Hhail) da giie A0 ghad (b (31550 Alee A gl
Sl e s das 0085 of S
Y5 e Bl Jusite gl
Al el ¢ ey W s
3 ) s Ay el
lalw sy oY s L ASsiS0
daiage ) dgman A el
Aleall ki (S aalally . JsY!
Js ASe e Y Jasd o
el all g caludl lal

KV |a| 2 dub — e lall ol i
Clbluall alads L

2.5 g ‘
48 oy i-.'YJ-‘ 2 A helal fase skl dll la e alia
adg e 58 A Gl b A ad
127



B S ol b f L cciing Jaglial by . ladV) Gdaaly Sl
508 ¥ Jandl = 5,0 ad gl 13gd el el Lelst dagliall e,
eal (saa) cclelially gl 4S5 dupdl o Cuay delia
Ledth oy ¢ e S daelzall cadie! ol 5 5l duaigd o yae
X Al 5233l das il (DU ey Labia cJaél guall () gansy el
¥ alaall 8 Jsenall )
eyl ga 5

Bl Y iy e = 5oa Joadll 3 Giale ey Lsa
4y calall 130 fmy lalipga Al ogedias oo skt &5 clagec
ole asi 49 el ) JSYI gl e faaly el (g5 cuala dlal
Aadly ol ol mawy sed aa Adlad Al ol an
Aaaly il Lo fisle ol las 388 cllas 3y G salag
Oy coSall 1 g U0 gan Galull (pe JE5 5 ) cJaiag 3Lk
Aan e 13 A AS el g — sy 3 Jad

el G g bl plaaiuly oy e | lield @l gag
Jisad Cpobai®yl amy o) Lexie 5 A8 e Jlad ale Jlad oS4
bsady Ol s (B Ll )y pudigal) 7 saka OIS LS (e ) e b
el 0 130) Aasuadl (gabaal ans (oo U ladlizs g 5 5ol
S(EY A Qi g (4ay) olia ) alat e i (galadl

Sy Lankt Gl gy | gadkaial ‘q}‘)’u’? LS (oSl ‘&A&Ac_‘.&uk. ‘)LA;*
@ Lo IS Gl L) {galaall e 1 IS Y (Bl Gladl e Jla
S JS8 ANC phe clialinage il G laa nidl oo S psghas Adial
Slaiyl
128



plaassh ) dalall Adilal A8l (e

Al Ay gnl dalall oda A3l Jgal e Lelialiul ol
e el €05 S @l aal el fels o e cdandl A gy Cnan
Gl 8 dilh A8 «C+ Oy —» COp Jelithl & 9 (e ALl
ool L 1y g dllis g Al el laws Ji
sooall Gl gl gl ad e pdie aulill oLl Chaiie
owlie e 33l sacluay (ALasl cdlelall e dasll)
A el any cul 13 af @y & cCalorimétres 45 a
Lo iy oY1 cGilall daly L Lpaaia Lpiany Gl (30 5a) 4l
A o LS (opaall Lgeraius) exothermiques 3 yall 3,50
endothermiques — 3_)) jall duiala Lgae Jliy A0l (e S 5l sl
(208 13 Lparstas)

@ s AL ety 0S5 Al A Gladyl i p Ol le
@y U 4+ asSh Slaalin g Al Ll ¢ e il ol Al i sa
Gany any Alalad) 0dgr Logd ol A1 ) (e LESS Jlady Jail
gsiad ol Taal gla slis oluole e gially da8a el
Jolin el Lghlas o oSa AD 48N L) A Ladleash o gal
o) Al ciald 1Y) et JolS Gutay gl fasly flia e
o 1Y Gl ead de dgal clilh Juala o A Adlag) Al

Lpally Jlall g LS bl Algi (S g S 3 ga (3oad i Lguadi 4 ol gall
@ o sl GV Q) LgEls Al e S) A Al Al A8
MY Lpanidii Chgu Al Cilay 3V Jiady o(dasd) Guaal) duiaidin 5l ja a0
it g Lagd Laailias 3 3 gal 551 pa a0 8305 ol eans ™
129



U il Tase clasll 3 Gab 1885 5 e ol il Jelil
Tl Ll (65 Ladie s ()1 5 8 0555 Alen S dguany

S Al a Al o gall Ly giad Al Aglalall Al
AU o3 (pe pudd Laie PA8Lesl cDlelil) oL alam o oSa
oy 08y Ol e puds Qi ) e Al Al
o) ol il LBl sl e e A S g Jilee
sda Ighely cilially 350 Aol Jeadel (olin o oSall
Lo il Sl Ljeae | salall Ay @l el el
13 coball o3a (Al L gl oda il ja JSE any leang
Sl Taf g3l 238 aohal Cany ol Ay paily Al uSad (Lo
(g 4 sS5  CA yja0 g awe LS Jal e Ay AU
< el Y gas ol e salgall Al ol 4nsad e
OsSs al  mayl ols QIS JS 558 Aadlall pda CailS 13 o Al
s Abaal I o e

dsad ClsaS a0 Afhesl G eall Gl Ayl b Gaa
O b ALY ey Jad gy ol g (ABLD ) pay dad g )l ke (dalall
i Al cDlelinl ol L(+) Wl Alasall ey 3
Ligal eb ledarai calally uad oad . lebid cany A cOlelinl
AR A

Gl il e ool Balal Al aadiy Gigw ol
A @Y g Leasdiin Sy A Gy deal G 038 (Ailias)
il Leal) 2gmin 0 Ay g0l ABURY (A Q8 cquadY] el

*

ot Jelin & gaa ot LS Gl Tanall 138 o G (5 i
130



saclie Uall 508 c¥lae o il (Y1 i Z8LAD 5 sgda W e
e Wiy OV e saad D ) celaasSlly lialinn ga ll ccllilSaall lan
faalal o LoV G Y Y e Al o cpa WY Wl
LTy elgie Ty ilaSlae Aald] clgabalinl lua (LY sad laa LSy
Oe Jaad) Jladl e Lo lgie Loa L) L Lgads Adaiill (8 Lgie LY
Saieall Y gadll (e Alude Dla
48l wlda g La

Baay oo LA gaty Al S pokis W S5, LB
1032 canliy el 2 osm (oo aaly s Clasgl g gunse o Sk
US (Baall 8 canlally alell 13gd (DUl (b 8 o5 f LS (i e
o e0shadl LS (Sly cani ccy il lda¥l S Y dana 6 0
i ABall Jaf (ped 13885 .t 8 L@l Clasy 8 el 520
Aela — o) LY ¢ jiall X cigadd 8 paadl cerg Y AT S iy b
eall Laami L) 5ha30 LS gl & Dpan )l Baagll 8 ol
CB ol s sLSIL AR ¢ jially JshbY s of Gl e o 5 Al
(Al (a2 ¢ iefiin) CGS culSh Aol dleall W ((MKS) 2 sl
tamay Ay Bl Lgd claladl Y casy sl LISl juaa 1
Gl IS Ly poall gl lus b 0ilaS iy S
— S Aleal) e Al o (g0 @) JS.CGS A Alen)) Jeatu
(A5l R gall) A gL

ArS) VAl JE e el (5o d8al) Jead o Jad
@@~ Aol pe e ju sy caaly e ddludd aaly bl 2 6l
saaly Csh 13 18 L)) dele Jas ) o AUl of o

131



(el Baaly B dia) Jaad ) cAelaiud) ol ual diide
o3 sl e Ol 8 Jeadl e 1S g o g sl gl
Ol saaly b AcUkul & A Gl 1Y Ldl gl Gl de Uil
s el X Ll Al X Ll Laf e el oo
(LSl 8 58 ads ie ¢y 5aads LeS) sl le ot 5T san s

K0 oKay i) il e e 1 Yl 1 DA o
sl calisey (Jaad) gzl Ao 5 080) A8l clen (il (ol
SN Lo dadyyy B gh (g8 Qalil ABUY Lo AN LY Ll s
G o Fhaie L gl pi€l 2seadl S (8 1igls Jpad S dpulie
aalhall JLasl e g) je st g d8Uall alandl g ddlall e ol )
Leg ol oS SN o e

R

132



6
sl ¢S Al 0l n

dady Y1 ey, Y GLESY) Gl oen el g
(O s JB LSy . de aulil o dl (8 Laf daal <Y1,
06 Al Gl ONRS sl puit il ipndl 58 5a) sl (i)
Cuunl el eS8 Gl pay el el Ladi€) Ll Aeallly selay) s
Lol sl i &g yme Ll 00 AeladY) e Buaa lilizg)

oS Aladll dlay cAmbre uall el i 4f g e S
ORGSR PELE PRI TR PR STTDRE < i PN
Gorlecdy dad ga Laf e 3 in Jaa g >l
Cpalaiy BaaY L Aasl ) AL,eS ) Aala ) AL e Cuaa
il ) ol eSl & padiall plaatl o clilu aie Laas 53 (<0 3
O s iy dalagl Aol Umad LY G
2y Adladly dunsall Al asede 3ol a8 QAT LSl
Aails L (sSs Apcalay gdall QL e g 88 b el eS8 S
(Lot a0 o 301 ) (A) D 00 (il S ()

133



JLdl 138 dapls agdl jde el (L G Gl Cie g
L€l Juaiy s oallll Gl 8 bl g oldll @ias L Sh <)
Go ) O 1an 0 g LA eS) A Uadl il bl syl
Oibealia g dpameall Cima Jglaay e Juald Login duadlly b3l
AN (b Y A g clesl o2 ld (Sar ebieS e oSl
@l b lalam o5 )< o Jaadly sk yfiiles (4508 Sl Jusd
AN (8 Ay A ladl & ke OSSN Ulay 1Y il L5 500
Lasall byl ila e S agay e glad Ll S . Gladlas
b Tasa (0aSs Liad sl ol by 00 8 Cppalaty G Al
o LseSl Juky 50l iy pranss Al 31 (g1 céléctrometre oL S
(1.6 JSa i) cpdasdl ol sadl Wip 5 ol 336 dld ) Jgea sl

0

1.6 Jsa
Juash lagig oy lililaia Gliginn (5 S Jua i i Ay S0 (abiha f2a
LT o el Lagdld Ay Mt s of Con ga iy 0 S0

134



JS Al 5 lgie Aluly pia oS 4 (g Ay lad dals al

52k b eliyeS Y o(Alule b leacas W JE) ¢ AN Y L

538 coal ) sl e il i @l e kel L

Jomis 36 Laays o s obe 4nd Jleet dmiy oL Y lan e
L6 oS

I il

‘_ﬁl O ol JiS S ¢ e tuu‘ CAl Cadia B
grall A S ddiarg (il (ga] l_m.m |A1;.ad¢a.vu1$ f ale (n SO
O Q\ glaial @) aay cDlualyyll ladiud Jeo 08 e ¢ Sl
caaly ol kil bl uadeld Jlaedt aal ad s s Uil 3é
el N Jsaall Gl b g3 ga 4 L ladl G )b iAo, AU
e )5Sl 5, gl ) AllaS 5 oy peSl Liagd M 5 daal
OSley 3ale (e e Lis cleS) aseie OIS LY (ol
Gliadll o3 (5580 lamea (Lilaty o Ladlay o W) Al ,eS Cilad
oailyy o bdlany Legd Jai aa iy laadl 13a duSlaie §f dBlaia
Al Jee Lo AT pull 4850 e dB8a s dpalddl w38 ja g
On d g S AN dualall sda (e 1EUa €0 O (as L S
Gy o ‘éu\JLe & Ui g5 L3y Lt A8l 5ol lin2ll Joldl Jadl
sl el yeSd Jim ems toe g b of (Say Addiall QL) ¢
o —lidad S = Lo Gl Gojla cad 1) Gl S0 clindl Jis
Jin Y alual S ANU e Al o(Blae JS3 Gaidy JAY) Gkl
b paiiuy Ledale bl Sud o juall 138 Al Lesani s ol jSI
A oDl aadnad (Kay oSl duulad oDl 4L el J 3l 48

135



o Ol Y 1oLl dladnd oS Y astIL 4 e (Al LSy
OSals S 1Y Lo ddjmal g e D e |oliel Lol S Uil
s a5 o el e

Ofsia On Ao ge Al 6% Upadia 3 s A da Laay 13
o & 5a) ol el JS2 5 AT 5 imge UK Gisniie Lablaa)
b Chge A0n) J Cumy Ciall 13 (05S Adll dahiall Leia
oo it Ll 13 GBI aieall Gestil o U de e oLiaill
O bl 03a 348 Ajles o 5al A5all st A elieSH 1Y
dalad Gafl b R 5 ABlas by o B0l S (ind
de g dlad ae LS dulfiey cidleSl ofiadl Gjn
da sl oS 4aii) G gl ga s e

ol 558 e in 13gh VU i 5.8 Al el el culS 13
Wb o2 p LS b g A 2say 1) cag le Ske A
Al g blidba A polid JS Jeilly (Al dis o dilies
3l el il e Joalns iy el Janl ol gl B (Bl
Y 110 (a5 (A gS) e b s 193 Lasen e i
DUy il b eS o paSl 5 ol saas (b 220
sscdi Lo ga (gl aaly A& Jaad . o ul,s]l" AN Al u.l:c\ PRV
saaly b Alied el LaS W Jd e blie N, dAelliuy)
Gl el L aun LS LD Bad sge i L g ()l

Jum,)s.umwg_muw\ @fu,m@u,awmww m ’

Dl Caadl \A\}ACU,SS\S G KPR d.:);.u\..a.v\ d)‘“ \Ahuc)nd\uSu
-L\A.u.“a.);\Ju.a

136



(P =VI) 3280 oy z gl Aol U5 oo 4L <)) dc U]
 Osile) Llglaally (Ll 1000) Ll L o Ll gl deUsal s
candy el g pne il 1= g1 1 el 50l Gl o(l

A g eliseSl) JEE Y (8ol o gedi Lad ay caldl B
it e JS Lo e (il 368 Gfimia on 1A 4 LS
L A 0 S Sloe Jlal sad ad gl bl s A
V=R yuedll oslil gay Gl o Loguie U1 g5k
Filos ALeSh LD o L AaSlall bl (g 5as of W oS
LS Gl 5a om e el (S0 e ety JiLlE L& ey
sl Aaglie culS LSy 1 oAl o qugidl (35 (IS
Alia 6585 Laxie 5 5] ol s il o ae A (of (AL
Olotay iny Gogu 4l Y dgmay o Jill OlE GBS dalie
Gt el el b Caang At o8y 4Ll (e Ul iy gl
Ll Jilall Bl Ao juy (osesll) zUlal) ALl La (g sl
Shall sad e cabgn AL S e laaay Al e Uil . Ll sk
5aasal e Usin) oda culS 13 78U daglia e g a5l Ao gb g
1N [y VOV COURR FVES 1 I FOF. S PR VL I WS
(dall)) Lala 3 bl Tare a 138 Gl sl Jpany 2 Loa e
O ENP FVIN [\ R T O e W IRV It P PP W PR
Glia il s3a agjgi (udlad ade (yaggad] 5 Ll AL 5 Cliallll

58l il

058 Whady Voe Ganailys P=VI 5 V=RI il 1Y 14 gy 3 d2laa oSy
P=VI

137



QA

Gy g (Y LI a3 Julaally la i
858 Cpe A s 50 o Jsing LB 1Y ol L lgie Jilla Y VU Lide
e e clip A8 500 Ldsny damge AL S Aiad Jead
oSl JLal Qalsa 13 il S LAl Al S s Jaad
DL e gl a0 (5 5l (50 e elim s S
Lalie e Wasn A sl OB "goaad Gly) ol AR
O3S e gall amy B s il om0 clgmd (il ASTYT (Ll
ki ¥ iy SYG ANy A sy iy S on cOlal
Glindll a5 o aukind Y sl 038 lelali )l S e e 158 by
Oang Ol e Salls o5 Al Adia alual 3.3 5le alual e (il eI
sdgr LUV Asea S ol Al i A jla) iy SSY)
ot A Alua¥) ada Ll ae o DUl JENY) apkind 13 sl
(o AU gt i) oL peSl ABL a Gl S0 clindll sl

ALl 5 A sal clinl) (gl L SleS )5 B 5SS dall IS

1AV anl) Ly il g 4 glastie LSy oAy i ple JS3 ()5
Ol 1 cjan Lald cle oladl (A (pusl) Adle Al Gl
LS 3 g (S AN 138 e A g i 3lai gty L)
Sl sa laa L5 AU uSlaall olad¥l 8 Csale dumge Al
as) Iomead | jlua clgia IS cctlin ST adai B b . Al
Sy (Rt 3 fadia 1 e ey JEL 1S chay gy ol of cy i
G Alle Al WS — 5 A Gl S gy eyl
— Al gl 380 o calh Y dean Gailay ddluadl

138



e (ellsd e Wls) @ 8 Y 2oyl Jiy
coSlaall a1 dpm el Aiadl JiE 1ladl (e gl ] saY)
G spy Dladll da el mlad Y L AS e g AL sesD Lol
hagidl A Lol sad culS (Jun cliy S ol oS LK las
Gl b A el s Flge A gl 05l leie el gl )
1 Sa G gy @l sy Je 40 gl dnla gl
o Sy ey o (ALY 5 s Aiasally o cdilell oda cdal
) Al 5ty Losd Gy ol peSl) B o8 1S5 . Lle Ay e
3 sal s3gd (o) o Jull (3 cpabia M Sia A sall any 3 Y]
"olhdl jhall (e dy B dcaiiie 5l e Gla ) Cad Cieiay L 1Y
A ald Aagies dasliay aaai Lels (0 0 (g ol i —273)
L lesSh tal
D55 m 503 & 1 Ll 13 L Aale JB1 g 3 sall o3 et
O Aad) ) Ay S35 Le 1 i (590l ety )93 4dld Ale
(Digial any duamidia ) ja Slad Jlo Jgeaall (Kly cand 1dLl
g pde M duie f Lage s Y 13 adey BN (e LS
stnall e LIS el 8 a Sla oS0 AU Ale LS jo i)
Juacl o3 B 28y (QAIS J (alpud 130+ Al 8) (alladl
b 52l Lad clls 3yl 5 5a) e oSy dadia YU
WY Candl 5 o peiane Wl o8y (Lo L Lall) a3
Jamal) Jaus gl 5 ey 8 A0 Alle N e 2l Y Llea g 13
o2 (5aSh L (815 (Al 5eS0 A8lall () 0] 48 A Al elliein Ll

. .
JEaY ooasd g

139



o el oy (S0 el LSy (il i) Wiay :AISA)
Ladall 138 ce ey WI3Y LTy Looagi 13 (bl V)

s 22l & 18 (Al 5e<) Bl Alen iy Legad (lld pag
3 g i ) Ledad ) i€ o o elial) kil 6 daaaYl
Agghalinall @l el el oSl e tlin 81 etk aa (Lo sal

Ll sl gl Laiiad) laal) sl cdigh (e e i
Sl e i e L Gl 85 laal o2 e a g Ayl
coany W (5 LS elgie @ AN @ Sl GLigdll 8 dadl 5l (Magnésie
a Sy a3l e aals 4 Gy yee .Magnétisme hieal ad
il gl 5 jmall 13 Galliad Caud FesOy calindl caal
= okl e a1 Jay ¢l g3 b jeall il )
e 1 a dasiie el of gy .omall b Uafy ¢ ema b el
NS FOURLY R TPRY

O b ccall b dppblinall agh b cewlall b ghall

Gl 5l ASlall cande e Ly @ S e 0 an Ol GG
& De Magnete bl 4illia 1600 oo & a3 ¢ J5YI
Lo Aaal) dgukal bl 3 cNGE 5 gaa) 05,08 iy
by aun b ublingd) Luphlsadl (8 el ol ey S
MK RPRUNE Iy < JE VR IC IEVI.™ VIS VO R PRV
Cmaslaliaal Cpanginll 5 Gulledl) el (L 513 s alay el
oSally Aysiall Gaad Adledld QY oSy (il Lepany (e

140



13 AL o aday dalaiall U o ilad sy 1Y cually
4355 Ll pmY) mhu o e o Ae s e Aaiiaa 5 S5
oo o Ly aall Jledl b Yl el lekd o Cusy
LS Gogeats Y1 uJA;eu,(.@moo ol dia gl
oY) s sl puhliadl 13 Dlee Lu.da\.uu b3S A
Sl gl ¢ 15580 3yms e (gl B Al sl o sgde (3aS; U cniiadl
b 3a3stins o) pgi€ly el ill Yoo Alayil e 3 Cisal s
OS5 (Dl 2 1050 LY 850 asa) IS Gl aa Y e
Oty LS L1190 ale g Lgysf ) Aleasdl Jadf 8 718 s
il yiad) il y el Calail ¢y L3N Liad 1 S0 cppipeal
1S e galall il by cDlall aey aldd LAl A (Sl
Jaileall umha;wb:ﬁsuﬁe.u
O Y Uniiae Tyl Lakid 1Y .Lssed ) sl oS,
A el e e llatll il ga (e a6 all Jie oo e
CGijh 8 e A laae e dlld o aniid (g giall kil dga
L 13y opuin oy el ki Lnd Ly (Sl cyf el 0

sy aaaall ¢ il jaall Cabaill e 1 jia LS 1300 dnsy gusalinal) caladll ¢l ol "
SHoaal Jldll e Al 3,00 de O b ol Lg 3l L pa Y
I T W
abadll o coilas LAY Adliae i) o Ley is T 5 e il Y il
13 om N bl ogiall il cadsh Akl 5,00 el
LG eal Jledl) bl e cu il g S o giad) il

Robert dasiz-dd Cmg) cilpall lind gueall cils Leve e
1987 13 51 daphae K.G.Temple
141



in iy a0 L8 Juanaud ool 2 ) e0n US aas (e Lk
ey Y sl il e 4 (Se Y el il LAl
Apnblind)l QY e 0 a5l (258 . DAY Gen e o LaaaY
i O alally mlad 990 aokally o815 Lol Glie DA A0l
aals .l B G 85 alall eda ximy B O S e g
6 Ll Aigna 50 pa Aan I Ll 1Y e Jaibiall dpulad (5 4l
o Curie 558 5a dad o3 5 all dap and . Lginnhline
e 8 daaiilly laluyny blije A La S dlla olaly
e 5pallall IshaY 8 1S Ganaall of adlgl L ke alil o
(ode QB oAl (B HsS pme 90 mn addms ey e galall ol
Lo Lagy basen Lmadf 3l Zjaill ¢galally calS

A ewas Bal p Lgle A8 Gl e Al Gudalinall 4 a0 g
9 skt iy cilaat sl 52y 203 S lede Sl 3 jaa
JSs ki) fan Sudial " s 3al GNP Sy rsindl s ladd cpuladl
Ll (B0 (pe o) Jle Y Ak b Aala 5y Limag Lo 13 (2.6
Jisdl e et Al Aal agull Gauay 4a 5

o BN sl 8 e cupal B calS Aadl ol
LSy Bl Lde CB LA 4 58S e 90 aw iyl
@ Laoal B dd o sl OISy e gl G S s
s S U8 leSly aald dpsmd g de galally Lalad o
Gl G Jia agphe I Jpaall Gl i gl L il
5158 (Lad U ol o aa) 16 sl ol Y 4l
(OES l3 (o geriial g o 535S

142



N

*\
@ -
—

7/

Aus) O Aagies pua g publind) Jhall Lale gpa gl Lpdgadd 4030 (a
odd apdh cyaall Ba p iy Ayl ey cqueadl JSd A Gubliie o
‘ A Sl JSAN e 53 8 i)

oA Baghail o3 | uliliad) gl g A g 330 531 5 Lpanu i (A Jaghaidd) JS (b
| cpatlaliial) Jhall 5 k) Ja ghai

143



55—l J—da
sk Ll By Gubliad A jad e e a0l
Jiy @ eaaall 335 Pla G Galia ) aliy il U Gla Ll
ArigaS 548 da g 484l daha e OlSe JS (A oda aall 3
o dlaal J8 b cqobing Aiia e Gl (Sl dple e 5 gals
2l e 3 a5 Ll u; 135 5 Auaill Lo @S 5 13 G
leald e OlSall g Gudalinall Lgiad 2o gy (Al (A8 ,50 o lalinia
Gasase sl of Tam @l Cady Lagepal ball Gk dagh g
elaill JS 3548 Jia s i) dnle e L g uals

(Ll
Ladie (bl Cigun 55l 038 (8 caulally cpuulaliaal 2l sal Gk
(Hlad nSe Cglie Cauay Al ol 8 Guhlinal e aais
celipeSh ) oda Jiall 5,8 anas ¥ 13l oS0 t el (glalh JilSaa
Jin o851l a3 53 o oy Aty 68 ind Jn Tl e clindl Y
(Jiall 138 b A pnge At oS diad US e Ll e e
o sl k) Al Ally 5lle (s ) cang 5580 Jaghaa
Ay B acal Ladie el 5ol oda (5w (Ailudll e lia
5oL e Al cul€ 1Y LAids e Aiadl odgh (Agl S Al
Al 3L (e cilS 1Y L cpdy Jgean (5 i clguadi 4y 3S jall dial

i g3l
Jiall e (sSm Lo glilh JASse gt el (o B
Aimge Al gl ekl A e Lo ddadl gy algall 2l 5eSH
O s (3.6 IS8 Hlail) 33 53n0 ilua (i) graia Al gl

144



N

3.6 Js&
soals dage Al Liad cquia ) i Uadag 1) comliad g il
Al A5 i dpanad Ly S Mia e i o Sy Al
iaud gy salgad aublinadl Jial ki 15 4l® sl agha
oS e il L Jiall Jaghad Jlae b (Lo jeS &satia A 30) dind
s camd) (B Tt 38 dnieal Wiygy o edld () laany ags Y
coliaill (ja RO Ma) 3 cana g8 505 gl Jagha b Aiial
s oublad e i)l aih oM i Jiall agehe
Ll oAl ailie algh o saad Sl (oSay el
g Y1 Agdlal alally ga camy e Al 58 Jal e lgie il
@l i Jia aaai o (S AES (63 ama Jaa Ll sladl o g3lal
oo Ana V1 Ailad ausla s dall a4 lie (e el

145



lelfid (Say oda 5 gall Jan 5 S8 (8] . Jial) 1aa A Ao guia g ABS B2a
sl el OS85 f — 48N AUl 5 S slediuly gal A
B (6 A sl Qi oSa Jiall 5l hagha B e Yo
Claie & A &) @ 58 A e 5508 e JS 3
Lds i bl ol mdau o sl Sl pliny) gsba
i3S Jia Liaf 5 5 Jia cdUal) Ll i

Y ol 5 dga e sa g Jinll 13 g degh cu s L
O09) A o PAleS) oeal Jal (pe) diad Wi 1Y V) el Y
bisy igale — s g duii Cdgl Gy (o= S Audlal o
S ol a1 alla el el YY) iy Yy elgseS
a il L] i 13 3a3aia i 3 g s adany e (il
ot Lmi Ayl (o Jsiall S ialed dpalall o3¢ ik Lde 5%
Jind Liaay lgnmmy ) (fibiay (5l Ledaiy b3 o Gof clmsand
gt ¥V L (ad cqalally L Jgiall J9U 7 eladl pandl Juala 4 K
Osiny g Jsial ga gt A 1 dpilad Jgin sty 1530
o cfa o9y dad Appllad) Jgially olseSl Jsia aa el
cAY e sl pig
dpughiling <)

— 1777) abas s e PS54 G 1820 gle B
DU Q.xﬁuqh@uuxsbuﬂj Jala GLas) (1851
Dl 55 (4.6 JS8 i) die ol Ll de g ge dbia gy iy

gl Wihasay eliaill o calaladyl cilise lacYU opaal f *
146



4.6 g
LS 8l (b 5 () (P llay Abumgy gl a1 2408
(b) dladd o L gae el 5 91 A i
Mia aii a0 Ay HoeS) LN 1Y Gublindd e i)
G535k S A puablindl Jiall 1) 5 Jayhi . Ludlice
S Ll of o gdally dusis 2 by ugliall Jgadl o) sl
s L3 Ll olad Gloadl T8 4 e JleS @l ke
D5 4 ey PseS dl Ga ool Gany A dielinl Luhli
o sl da g b WSaTi Ay ae) B 1Y llia iy @l (8 5 S
oublinall g el eSl dlull y Guphlinadl 42 @ dpaly @l Je S5
Allie 20 1Y Legd

oSl 8 1 el tidane gAY A B 4 o8
CiShudl (8 A olaWl (b LN 005y Ledied (0 )l s (il yeS
Gl 1388 5 L Oladly Lagdld (puSlaie Gaaladl g ol oSy Leaie g «lilay
o) o LY daula jladl L Ldailie o 8L Sl el
A Ry k4 e LS 1Sk peatil el i e 258 dielia
Yolaa (5Se Bilad 0l gi (3 uublindl Jind (50 dila S
$.(56 0L Sl gy Jad Gl g3 Gulaline aal gy s3I )

147



-

5.6 Jsi
Mllin gy (s S o Aila (2
LI Uoliaa Lughilie (4155 il (b
Jial dadld Sy LS clila old ity .’\.\g.’ui )L’u Ay dielas clila (C
Saalg dila (e 5G 5ad S 1S A g5 phda ealiida
148



20 i g Agalall Aalll aie ueh Lo Cpfias cellldl e il ga 500 G
ahie 43Sl iﬁ:&; Lkl phai Cag Lild ((Solénoide sils)
Aclanl € Jiad oIS ddalall & bl sae La LS las

Agn Laf dls 3 a0 Al cany Ae 1 Gl 3 )
O 4 o (S gl 4l e Y AloeS el Lual oS4 .38 A
S U Ll b e WilioeS L o e St el Gulalice
dendi o 0S5 ASadall ughliiall Jgiall b 16a Ale S
lseS) Jial 13 L 58 Saa gl (Ll S 1ls g of e 508
Saalal L ooy Al oeblia Jiad o8y Luhliae Ay
(AT 5 Al e Le 138 5 . Jolie 0S8 Leganny e o) 550

lefin Apllind oSl Llf i3 ) ¢puadd Coyladl o4
O gLl 0 iy Bea e (1836 — 1775) Ladl (sole 4]
SleSl oplia) o Lesa L L5 3l da e (1840 - 1820)
Laiin; oSVy AT Laaaal Jany « aY) o Laaaal % ¢ oundiliaal
IS Juia Legi€) blaie Lt Leg) - 42emls Lagia S
dpulalisea Hgsl) 4 plail

Ond Jleel (815 dam 4 colaall s JSI A Hlal) deluall
JsnSle 43 (Gl gy sdll) AT aald g sl

sadie dujadll b Clual Ml (o p e 5ol 4
C_)J:a sé;)“ J:C\u_)}i ol e cJee (Cuba séb.’:l‘ ¢l

*

vaail sal o g bl Medl il GLES! ud Y e cay
oans ahbite (el y dacaly e sad Adal sl LadS) S culs
ol

149



Lo 3allall ) i Al Sl il dailaall :pualud) Tasd
5 e A1513 5L 56S L L3 e el Liliad o 1§ gt
o3 b L8l b e Liad alais Lo 135 chudaline Y s algs
O o linuly 480 58 clindl @l ) ae Jalali gad el 3 LS Al
clinally ¥} 6 Y Apuhliadl Jgiall alal Jaly 3 pe ldan
Vi Ag Y A el cliadl oSl 8 L ASal Alls b Al ,S)
Aghline Y gia (3185 AleS) cliadl AS,al 3 L Adle Y s
omal Gl gy Gayey Lo ) ol Bl 5 Aldlas 3 138 S muag uadl

Al aag oLl 3 okl S8 a4 gl s (S S
DM s aiia 48] ddgale Ay B G en day Sluab )l pastay o] ged
laals cel il LgDUs (o Sy By paland) 40l yumlne ¢80 oy 50
‘wwuﬁlaﬁud&‘wzwd@‘t@,.wﬂl 4l ga
A sl Al 13 o Cuse s iane g Le Agulabined HeSH ulud
L Y Ladatia oS,

G s QS IDK Guan el 1l
legd Unila oyl o) Jleed B8 (3ad ) LS 5 3ia (T mlS
LS By

A oaaly ) Agale SISy Alian ABIAT A8 IS )y guaSlae aidy
391 Mtygwﬁmg@ﬂu)@uum@g@
e CNdee a0 Lud ey U c¥sladl aliy o(dsel
Ay Ay dacaly Ll L QieSle cValae (Y1 lgawd E¥alas
Jsiall s Afl,eSl Jgall pailas saa o legie JS Caat lilalas
Jalal (Apdls €Y 6 ad Lag) ol oloal gl Audliaal

150



ond LY leaSla ) el ¢ uhliaaly b el Gliadl o
o (e Camd i Aadgill e g Aelgd Al il Ll i
Bl asdl gay cpuiblid 48 plad 25a5 & CYaladl

gl ALY

glopimal

Sia Ol (s asad Llea j) ;_)Lﬁ YENIE L';.:]J Lodic
LL.:\)MJLJ\U;LNJJ.:MJS,A\ Jaall 1a Aly.\shuulauu
Ll LiloeS Mis osn g oklad Jiall 1 o & Uy
'S Ao Jiall Ll oo Laadd WIS Laf g iy
Sia Agr oy 1Ay el.uulal.au Vs A o Ag 1Xa Al
Clage lgd Aase HHEE Chow Ui Ul b )s & Ll 58
dax aad Sl Gl s cJusal (el 8 kil L g LA
Cipa elheY ¢ Figs elit e Clasall 038 Jay Slea sa Uil
S

Rad o JiguSte Juan lagdl o3 LS Ao Al (Sl
i ekl La .o gl Aoy Jal e 930b Lgudd AN L e A b
Js cAbsbaa 138 (puld g guall A puuy a5 iy gal) S 13" SLse
Gl ekl g 13 "yl g8 A g dasdi gb £ gl (f (g
o CpallS LSl Gl ol a3 cepunll A gal
b ol Hanw Lplalinall g A0 o< Jgiall oY dy ) el
(810 3a) et US Slay pat g Jag B 5 Sal jlaeY) alef Y
Slasal o o ddy Y1 A5 S o e B 58 ol 5 Y
A s S U8 4 s

151



YLS SSY1 B sl sl S ol aad cqil daadl 13
i ol 9 Q0 AASal o Agpuil) At SIS (5 fiasey oLy il b
G o 58 .4 daat culS &A1 e S o8 o LS
Plinsy o Oof L 1S58 00 505 ColS il ga 5 5 il 804 540
Foa G Sl Liads basay e oa s il S g o
Ciga o g a2 51 (1886 sS4 b @lldy (1894 — 1857)
(A 49 1ly see Ge Ol pully e 53 ) susSle

i Gt () SloeS Qb D pasialy JysuSle o6
Jad sac amy Lo Ao pmge 5 8 LS L adgl o)
Juol Sl o ol Ut ot JUE) 50 s A (Jiiasd)
Clase g Sa 4l oo n B Fi O . 3sl S oy
e Wbl 5 (g 1A (3 Jn ) o sell (B Leliiy o2a B el s suSla
b Al 5 s Al seS G Le JS3 Lol Lol ety ol
Glasd gL Clase o gl Al Lo ol Ly Logy st
Y Y Ge A Sy AdsSle Glase Ge Y AR
NGLES) U8 Lgad 55 g 4N dlre (o Leanifind 8 (L uSla

talelSy aaadll il Jemad e Y codile (58 S Al e
oo o L Fias QisuSle (gl (b a4ty o) g
5a e JS anadl 4K bty |s0 cand Jlay S dealdl
gia O O olie JS8) ppaany | et y gy | g pale (piedl
Al o agi LS cpgie IS aldl AlaY ) i o e lld
varnd (S (A5 JiguSle e (101 JilSae LS Al ALl
Fom kil Gl b 65 o G peandl il 3l

152



oo TS ol duags ovie ol il of caaf ¢ o olla
il o3a Aelua (S YT canilis LY Al 5l Leatt s Jlad) 4l 50
13 Sl ) ooy W) Aflgd s Aanl 5 ALS Lin 23y yhay g (AS e A2,
A%a gt pay of e paladl Ba e 05 W e sall oS
Sladl qa Jalaii o gubiini Cuny olgiile om oo lamy den fie
Juagin i€ ol Logy ciany A IS 1 068 of cany 4 ke
O et ¥l e A il e Ll Aaal g 5,8 I Jiw oY
oo LS il e gld obillead Adadll Jal el (JolS S35 agdl
o3 (je 5adiune L ol LS laa sl gy didall e 4y )50 A (s
o ol ((San e D 1Y el oy S o akiuld (Cilleal
o sl 3 o aleny ol (oanili W oad @ st
Sl ) Al cagenll daiey aie LBl ALE Al il
g palal
4Bl bggsia

sl Tl agh cJiguSle ¥olae aclia cLad W Sy
i Lavie 13¢)y cAudalingd 48 il Jiy ¢ guall LA8AD 5 ¢ guall
Al 53 A0 gitall 25Ual L asurg (5 B rblon 4y 48 Lo ¢ gl
puind Y o ¢ gl 28l ofi 138y Aaglalinall 28l S Jsha)
Ladie (36 o (e liay o) L) sl DA (e 4se Jalan sl
Wl sl W sh Lawe Jolin Leald ol LY <l 3l 5aY) o Jus
150 Cinay of Load oSayy AUl ¢ guall Jin 138 Lol Aidse,

Aokl od sy of e it pad o Aalidl odgy ki Y
13a Slaodla L o) e | gt 8 V) Blamall L 53 48€a ol e 3 yuaall

153



al (5 ana sanctd Awna e el o N @l oS G g o
ootieal g 3sde ¢ Sine pud A il il 553 aag
dnpf g oosall 138 Jady Perault 5w clias (S lailall s lenal
lsosh disilad oS o OV s, ki sl e Aedia 21
\J;S zlayl (X dyih gl 458l e E.Le Roy Ladddurie (g 93Y
L pomia Gad Al Jan il (S0 0385 of By S i (e
Caga ol (g e i) Gpmy el 2al ad (g jlenall Guaigall sl L4y
as ey 3laiy Y A ol Al a0 atlial s e oS
o S A Jallyy 5 e g ladYL ALY iy g ¢ sl
oY gladl e sl g 45 oo aal s ol (5 lenal RGP
Wl sl 055 a0 o Aagilh (& ys0 (e duas Wl ALY 505
ol zla sl Gils 4 gl A6 ddle dudd gl aa) U el
OS5l Jin e guml of 13 lgis 5 A Alleall gl
cApughliial S 43Ua
Lelial 560 claledy dpudiliaa) g

all. A gl i JilS e Ladaal (p ysestie cpaaliy fa)
"TlelS elililiagl 3256 W':Gladstone swdle (Hlay ) ol 530 Qudi)
150 sk Al dgn g cuslall ¢ ppbsnd U gl ypasa o Sy Y )
el Sl Gt aa b Gl Y g6 el (e nd e ol D
wlal g S M3 S e iy Juast Ly f et sl ¢ sSau
ol of s "ol oSl 5 o gl e a0 e sl
e leSl e Sl A s () sramdy

154



e culS ol S of e ashll (e aDE Slld L et (f 2ay
Slo ALl 5l Cinany (pdall o8 8 eliall gl
dgny e il Lol A 50 368 Al S wﬁm‘!! OV cuaadl allal
ceelinall skl sacld dpulid ks

la il Ll jeS 1Sk of LB ) ailicd jgS) 2 (S il il
Gl Lovie 4 g 3 al oSy L Ladlie Jolay "cialau gl JS
oL b ety gl aoall IVl e dadad Jsa L S L
&Wu@wgﬁuﬁmé‘ Jsad IV il el (o e B
Aljg‘b)@&“ Dbl cAGE g jan 5 jalhs daay La (ad . ogia kel
LﬁJH‘ Laall ual.:...ulaLu.o).u Uaa o yeh Jag bmhLuA).u
u,\gLe) i elmd 3las Lild capall cuad Lyl 1Y Ladasea Jllly
a3 (6.6 S L) gl cakaily Jlesd il o (30a)
Mie e ok A (Ko opld geblia Jia 3pu Jealil
ol el o3a e U (L adais A gy LS i) JBYI pd )l
CATRYCUING, RS PR VIE™ SO VTR I PRV FORp
(gl el Cona e 128 e L Lanind sl <Lgind s
da e lSia) ClSan 5 e sl e gl pia Y 50l
bWg jp ulS JSAy saad 85 Al Ba el oLy Sl Akl
S dals Jaadl 0 s o3l pd G S ey g
by A liaia 35 1000 o 300 58 <y Uy LY J o) @i g
ey e g psat Y ny (Sl lemn ge lenen (S (Ll LS
(ol (B A b Aag) Ly I Gub e (FleS L )
Jall (S il Jlae (8 eLyeSH s « Juanaly 1l g iy jlay Al ge
Sl djaal gl i g ial of an AT IS ¢ 5K

155



Al 5 o

HHTH

6.6 Js&

i dakd a5 08 Cu Pl 5y Dgile 40 S Dlad 00 G50 i 4 (2
ol S i Gliig Slia gy clllod) (B Sl 336 g oSy

Jap AL Ul Aynsa 5iS ad) ¢Say 15 (b

156



Jualill 3 A5l 568 DL ade b ) ool U a gi
13 (7.6 JS& L) s SURY1 s Cagan - ushalina eSH cpnla
dsiall 0¥ G Cual 8 A Gl el Pla dgad
cosliia Sl 4y Ll Ialge langd B 0 18 it 5l el
13 LAY oladWl b s Al 5,5l oladl 8 5,1 4l S a s
Jemy 590 Chual JS it of daly 4SS Aid 6 P (e Lindaid
1ol 5eS 1o g8 Lld cun Al 5l e JUSY) (e dalall DL
Aad Lslie s A el dp gk W e d e
orbling Jin & o5 Al 56S Anads g b S
S e Adladd 1 Jlaa ) cilagia

Ay 2SI Adlend S A AS el gt Alaall oda (je leay
& ol o sl LAl aca el il LCuaall Al
3l O s (1931 = 1847) st S e Cleladl o2
DAY A Asph ade 50l ) S Y el e s gk el
Gl (e N Y] 4S5 Y Sk sed Bl L) sl B ALY (e
(topslee] Bas e o) e agandi Y o (815 ¢ i il

e de 8 e b ) immge 068 Janll e Jble 4]
aly . SaY) SVl Ad e ) b caaaall o DA e
Ao b g al dsmSlag sl oS T IS cashally lgitia S
eSS Jra ¢ Alaall 200 5eSH (4l Aala 3 ALl 1880

a3 siall Al Lgie ) sedally cJual 3ae 2 Lo 95 Adile deale”
p il RN P HICIEPW P P
(8 ey S0y cdnsii ) 3 Lad () gae i sn ) Lee sl

157



7.6 Js&
Jal) lad) (B Ll g S A e LD collr e il U} 985 ady Ladic
B0 chuai S oty adf (f gl

158



& Eaase (e daglias g) Sl e e (F e 522 i
By o 53 ol oyl AilseSl Al Aaale A2 i Al
N e geanay of i 8y Qs (g sl g1 5aY)

Afiga Oyl Slaaly mad B o (50 IS 1811 ple 4
O Chusia i Lmny Laguany g0 Ol cosoS) o Ol O
TN O L AP (Lo sb el sl S5d) S (ol ot
e sll )il ae cJaid IS g3 0 S Jaiadls ¢3)_iaY) pis
Al S Aagliay Jaxd oo of Jab e ccilS Gl gl sl S &
ade culS LS Jlall o o3 15k 13 il y oy g 522y (5] cAipna
1880 le b

Jan Jas ool dans 3 pluadl Lok cdlly 33 gy
ey 8 LI e 3 pbadl calS dpadl i dgsl dsadl
Bt Ludliay 1agane elia) Al g€ oleSl alasil & jleasaly
o B LS el ol Ay 3 Al 3 Sl slias S
Al (DY)

sahue b Jasd Al ra gl Alall e g sl
cas o S L 5 malad i aaan .l 110 gzl
O o o) Lo baaly sl mubiadll S ikt D @llily g 3l
Cba A 13, (Suldll e Jeag il b cilS pubad
(g 110 S 2 ) AL 568 S jaay Uipdd Upli 255

Y (a1 O g disia A 0aS) O plaadd o) i
(5 e Juasl gy ausly
159



Jeu¥! el Sl jatliad Gl 2 oS gl 13 b
gy gliial Sl 13 o iy sl cladsid gull Juads 4aliy
MGV . el L) e Ll za g e AleS) DL Jes
gy Gy Slilae IS &5 (5515 A e g FS O ")
@ il Ll alasnal ala Lads ai AT LR TP . W
1856) S ¥ oS5 5p ¢las yoa | yalgn LLS IS A a1 538300 Y
seinsal ) 5350 G Oahgl Asela 38 jee i 1ay (1945 -
el I cde 5 3o aifl s o ginadl il cpectall Sl 5 (¢ s
ol daslhl JKal S Jasul 8l (Westtinghouse s sleiifiv g
coial 50 e A IS ellld ol e el eIl A il sl
Al S (lasall) Sl I lias 53l e slekifinns o pe s
w3id A AleSl Sl 35 i sl el fase
Jgon 8 el s el YOS Jie bl gDl dgegdall YL
e ins IS tlan Baas ClS Ly pakaaal 3l Al S5 1895 le
Jasl Taa 5508 Ll el oI e Alila ol Jis laclad oY)
apdl i LAl Ll o osies & csllin sl Gl )
ISl 110 S Glo Jpmanll il e il 138 Uik ol 1,5
clad Jal b 1388 ol gl (1 100000) Ala clad allssy !
Saally L il ol A8l e |38 iy i oSBT (i 0deS
s Slea gl 8 S Al Y Lk S a8 Gglnd
ST ash Y ol waal e ) Jsn Al e iy -l Jsas
Al (8.6 JSa LB Al Y den e A 52k el oy (e
T 13 oAl Gen o sl s Bawdl (5hd oBadl o
160



8.6 Js—ii

s (b Qulie 4 m @lke Bikae qudd Jsa cpPla dili Jaad Ta
g s gLl O L) s AY) AL (B gliie RS S g (Al
Llle ULl CAS Agigila Uil dlia oS LalS g tadt oy dpdd
500 (e b8 (M Adsaiy S el 7 aa die Clb G LS B (e Ll
oxadll la ga) (L) Aah Jls Aaud 5y Adgmaia 5y Alin (2 g glS
g 110 Y Ll JaT Jsae dmy Jsaasl diey o("pgl e bad”
Belie) Gl Gl s oS5 3 pluaaly L pariiuadll 4c g

Shaitly Ciman 48551 ol Y pludly ddiia ol 13a
55y St Jlaily Liaf Comawy (9.6 JS3 L) coslial
ABLal) Ailat (Aplu¥) S0g) Aag pull Aidacl) o3n ALy L e glgiiin g
gl Cilidara i ol Bpall @l skl o

o) oyl S 3oy Al oall (SS)al) cillaadl i
Ayl Sllbadll gy elieS o Jsanlly (i) cli)p
(lisad) bl eml oLl cpindd (lad Gygpll ) caning

161



dagind 4 galll d8all Jgad A8 puell Claaall 8y el jesll 2l
Al € il Y oL

Gl dglie clled ol Alulad e AV Gkl
A5G0 Bl ) Uy of5eld) Aigun Gl ) L) a3 Al e
A ad Ladul eVl JS 8 (o) Dl s il ) Wy ()
on Al Ja Y Bl UK et & A s e (Sa
N e Al el B o (L cYY aes 3 AT ae cddla
Ua o 4 5l Gl caaly Jlae V) a g ¥ Laslall Jaledl s
Wlaly oal e ASHS) AL — A el Al e s
Y] s J235 o oY) i Al jeSH AU LR e 43 1asl )
S DU il il 3

JosuSle LBl A g LA Cilage dgon gAY deall e
el oy Gk sl g8k g sl (1895 Hle b 3 A LeddiS)

al
T

I\ N L
AN N N \' -
AW N b
l~‘ AN A AN - ol
A [/ \ 7 W,

9.6 Js&
Oa a5 S Agday (S IS0 O ualiie S A el gSh SR jgeas
.Y gl Gadad JRIN 134 Jal

162



s gl dle . Ll e Juadl J4f 1901 Jle 4 Giag
eV s o s el S of aigy OIS e i G LIS ek
gy Adadll alay uall o h OIS Al S 8 Gaalay Jie (Jla
S as Vol pedll 4 S 3lay . aladl Cinill ga 138 Bl (e
Paad g ol Lo GLSESY LLoamy
L el d—alic

Ge ani 13l il 5 Sal o3a iy Lelld Cuagh Ll (1S 5l dakie
o g 39 g1 58l (e Patle glaall 5l Cala (ol e sl s
G ol S Lol Ll o QS aed Jglay OIS Gy Ga U
5_alee Juniy (software) ilbma sl skl (o & coainall dliall slual)
S shee Jr oeae Wil Lot db el 30 (e i il
Y pasg s cpeliall (e o psede (gale Gy Jiady N
A58 4093 e (380 0 s JAYL

o b o SeY A dl cld cllasy) o s Y Gy
laadall Bl Gadl 35 o0 acall ia L ey L3kl
Omadall e (9oES lan 5 skie n s A Guald) JS ay
(JS xie aa ae (SAleS dpme 5k o) G S Y]
laus 5SS aa T prelinall ud 5he CHBLES) ) aghsny Jysad
Lo b WS gl LS Cluwsd o 3 Ganall Ly
sy sasepn med ol psiSall Oy 3BLYI W gyl Lol
corskill CBlea G glay g (RIS (5o iy aed 1agtBLIS) Ll

CULESY) Gp SV e gl A pludl e e B0 Ly
EVEENNS QUL I PRI SR TR, | PERWA TR

R

163



7
Sl 31y Oyt Bug (8 ddaLall

saibad 2a3 clyiall Gallad o sl X5 e
cbsbaall (oY Aadl N i Lt (S 3 Alaasl S )
S oSy Akl g 5 8ke agde £ ogskall Jigadl Gl A
clt) Gailad ) deailiad ye ccliyall aily e JEN oS
ol Zdelian a4 Cayei Lodie clgusaliy Wl 3l @b G50
ol ) Wl Glie g Leoall H0 A pe Jala
microscopique "l S S doals Jiead U oSay S € gl
.?macroscopique*‘;g S g SLall bl )

pailad dilhe § jas bl pe Ge @y Jab dal e
alf e ke VT 5 e il ia aaf el e EDB (O
Y 8 aaa¥ly SV all edaali Al a1 ) Jsall ke
s o Ul O LU gy ga dlld Y Jpeadl o 50 o
aw Gl

WSl gl o Sopia 6l el e e ApsSugSae
p> el Bl Cpall g ogaall G S e o oed A oSy Sle
165



Fudal Clually cLaaY) Clua Aasinls s sall $daadl L 1Y
O o Aflaally Adlaall & dl o3 elaall o g3 4k
el die i) Le JS e b diay |lSa) S ol
cyLiay) clua

Oe ae ol JSuly (I a¥laall Glua Oeum o xl
sl 39S g o(s0e led sy (n) il a) GleSe e gl
Cange i a5 Al o 156 et sl e 9 S L eae die)
ol s e @i 90 138 5 el die s caigl (B by (e dia
el o) L S3 Y Al s vl Bgeddl e | salisd
il e, Msh le) @iad i) Mahabhararta G jledale
J Y NVl asiaal 58 o (S e g i o(lge B it
O J sl G ) oAy ally celllaaly colually D (laiy Y Yl
b paie 3X5a b b Jlby Alldal lguds oo dealdl ol Jese
Syl )) Ulgial ey Allne cld cinr Lo 1y cliafy dtane
A5 Y Uses cind JG damadll oo 23 Ciny B A Al o(0lsd
Sl Y aaily  ia¥ly alal CRiSH Ml 138 cagd s 35

e 5 3aiall YLD e Gn A 8 L Saa Allaal o
Ll padty 3850 e Aliaaally leadll 4 5a0 B cdiSedll YL
Bullcial a L colpell 3 30 Aakad S8 1Y (13 y Adaliadly G yug
Nl 2y canly g sl Yl ae Ua flegay o 28
S any e Jpmnl dlal Lok o 4ny 52) OUH sa Lot 2adl
Zaaad) 5530 028 AJ_EH\MQ)SSYiL)@cO.5=%‘;A ek

166



ladie & da gl o deasl of Adldal o L.JLaal) g oluie s
YN 2ae caal gl o k) Yl 2 La faull ) i)
S el 10,166 = —é~ o LAYl Yl G g Al
a3 nSia 3l AN (e Apcinl O g (e Al plastialy

50 e AlS] Gl el g Al B dals s Y ALK
SN JL) YY) JS Alass &S5 Lus A glaall b 4ls aabally
Sl On i a3 1] 4 AlaYl aal g Al (sl ALY
(385a0 g8 5) 2a gl 5 (SaS a )

G el gl s (cpaly dngpn Jih (JBul e S LB
A< Lyaal Lo 138 Loliaall 5 S8 Copla L (e Y LiaY! il oSS
(Aeler dpani b g g) Glelill o S 230 L i Slaa) e S
Ga g o Loy cchanl lsa o 3 Al sl s e Y LS 13
Glua elediuly deleadl e gaaddl Ciay Sa M cla s
adg Sa L ol 38y digall 4 ee dgeal i, feyLaaY!
sk sy YY) ol B aasiul delas Gt (o 6§ pa
Dol Juadl s s OVsadaly plagd Ol JISub
o 588 caaly Uit Ul 138 el | 4L o lenad Al
OSar g sanall s 8 I e S 230 e AKa Ao sana b
28 Al ) g sanall (e e aS couadl e Y Ale Ml 4
O QS £ sene o Lo Jpanll O Al Al Ll 2 Al
celaa) 5 S8 Lada Ld 5,8 <dal La

sbd¥) e delea] augl pailasll yoas Y elaayl auy
tomlae DM gy 4dld Y 3a8a0l g Baiae al shal daala
Aailias g Jaugl yaisl 4l :Valeur moyenne (o gl Aol —

167



O paiall Aas (gf ¢ Jam gl Ladll 028 Ja :Dispersion Sl — o
st gl Aadll e g g5 JS Al jlaiey ccubiall 0

2aalls s () sh aiall Ja dawgidl s :Dissymétrie JBUN a0 — 7

¢y JS 1aat Sl siall (e il aen (e dndi aadl g A

histogramme o )& fauedh ey Jold Jad Jid addiy

olae Yl 3450 Sua (Gilalypll G4 (1.7 JSa Lkal)

oYl e

aladl e

1.7 Jsé
A el AN 3 ) 238 Lagia JS gy (Ol 8 gieh) £ 565 Liiada
168



) e dunll &y Bopma e ) Gl e s
ans ol Jal ey celiY) Jeas ol siugll 13 .Distrubution
e i Lee saaly JS Jal s Lol oy 33 s polaall Calida
oSl Ul L ol 2 gunel) oy L Aol Lgd Al jualial
e dpaall ald (bl L bl axe el (gl L
Lodie 43 A b adied Lild el ye suued) 028 Aol gy a8l Sl 0
il sie — ouadll o ¥ sdsale Llaal deleall e Aie G
(i s LSl gy s cashily Bl e 33 sl )
folol pailas oAl (S0 ol e dud o o
Gl Al Aay A e WY Al JaT e ALy
3l 4y oW Uasll aala i gl (bl (e Lele Jaaas

Sl 43y Hhall sdgr clie

o DU A Y el Jan b al) Rediiaeall Bkl s o3
pan oy adld @3 o ) 13 e cVLEa aai A Clied) ola

}mj\}dﬂ\&ﬂ‘wu@mwnﬂh|&| Q_\A.;j‘u)aa

Ta dllin S (3 Aial oS LS aolally oxie ol §f Aualall o3
asall (Sl ((IN) MM\MA\J}AS\J] pe] 48 giga oysS5 Y S]
‘..u.s.qtu.di oS \J\J[As_\b.‘u!\ B _yad Lm;\ A AN ‘Lxs\S \)L\a.nw:]

il 320 oW laey! cpa odal Cany lld b Gilaal Y

U‘ ‘\.\\ L}J.\A_\‘;;a\.\‘)“ dmlOOOuA‘Lm:‘;“ MJM\?LMU‘LAJJ

al B %3 ~ 1/41000 i s aasdl o sl (Lasl) b o

B G (%51) A of U8 13 cpusi il Al sl G 4 550 JS 3

s o nSlie e Wil 08l ey Les i %3 (e sa Sl ((%49)
169



Gkl e Juadfl Qe gl 5 Aglanyl o5l 5 S8 caly 13Sa
Y oGia dgall A0 clelead) Gady gl @) e Aglaa)
ke ae Ly o VT a0 f ol A pe Lol Lia Jalans
o U i e i damill ol Aalad) oLl s 3 1 Ll
(atlaadl g e dagl (8 Alaal el Clles
dauloll Clleall ol Ald 13 iy oGl fiwn B R
sl alasanly ofl s Y1 S e 5 );,n}@g\)
W Al 8 4l S g gl €l s aes At a Lo
o el A8 jeay Lol Y cany 4N (il IS8 ) Caay 4l
i XSy ol giall 13 0 Al (apasy oA Unall 48 jee oK1y
Cagusy Aaglll & 55 oo 558 Ml claal) may aic o8 il
LiaY Lo Alap A8l a

) Aada) - cYLGaY) Hada

Gl Aalyy SeNLaaY! iy aild JS3 iy o9l Cile sl
el iy ¢ i Lanaal (pilsall anl) uge — OO s
Ol A hodl ded JS3 sl s 28] L(oluy sleay ol
Gaald paid) gl Lo (2.7 0S8 Lkl) SUB 1S ca)
J el e g€l 5 S delind i3 Aglan) dun g sa Ay gadl
.Théoriéme central limite s jS »all aal) dpda b aud ‘L':.j 48 y2a

Lasl 5 (o yadl 0S5 33L 45Y ¢La courbe en cloche (paadl (Faially <o yuyg ’
ad al Bl 58 Leie
170



Jalas ) Jalas

2.7 Js&
orl ) gt = O s e ) i G Gl Gl g
b Jil g — Gyl 9y £ 385
Cle s dlia oIS 13y e JSL L cle 5 baal 13 gy S
YWl Jate ga agle Jganll J o & 5l (8 AIS
by S cla Usha oy Loxie ! s 4S5 34 Cand 43
dadll ro¥ldal Jate Jo Jpaall &y o2l e sae dlaall ) i
whagl Al oda pe a3Vl (Jadll il J) i sl
ol e 8 5 oA Ladl ity e
sLigd) e Jis) o) 0l
o Cumil g Cuny dam 35 e 20 Aglas) de sea 10
tew) g ey ol o) pe i g5 Jald (8
il Ol cadinall (S Laga clagac s cligll e 3 ST ol il
chudi gl . Aibide yuledl (ol el By s awss gl sl
(Bad Gual) 33020 el e 3K AT Adgs L) < a aa g
ol il e ST A B ke ued (B il B Ggakiy i da gy
oy 3350 i b 5l daag il g pde (A gk
171



O g 55 9 13 5 S gl A Sl el e IS S ddes
sl pumde b lasly I ool Gy cliiall dull
Fepmse — GO g5y Gleaiile g5 On gl (Say  4ilaal)
gosk Cipmy bl e AT g5 (e duand cany aa clagy iy
Ofleall e (e Lyl o 18 (37 JSa Hhil) e 4

e ) (g pen tlan) el ll CpiuluY]

Gha il g e Sy guiSha £ 3 90

3.7 Jsa

i e Jaanlly (Glajilgs — Gyl g £ 559 s B O fad pua gl
cObailes — Jagusla fghy b ay NLdal

172



£l il g 430 o liassl Baad A LAY Glua

5 gnaas 5l g 3 paine A8 a8 LA o oS a8 Jal i sen IS
ot 3 a5 L Ul Jsiy oSy cilalasy) S b dadiiie pe
Sl osky 38 Ulaly coladis o juud Jomsy LS lgunay (335
g e b adls odlel Ll LSy ada o Al " o’ 26y Slasly
(N G Ja Apaala) ol @) LIS S5 8 e alall o
s Jaial 5 Lag clgaiany ga Lebdia) clgDIA (o panTs 3l 4y bl
b 8 ad Y bl e Al L alsal s ol e du
e S e DU (ailadll o3 S g Wglae 55l o3
il daaally Al g ccd gl b 4 5,0 culs s Sl all g A
s Qliy 3 e s 30 Ayl oS el g JiSH (B

clisall e lle @ lle e A gSe o3l oSaly ol culs 1Y
i i e lpaflad e BUal W oSey Cai o3
S Saall Cuasll (e B (e oS sl Stiliall cillandle
Oaibiadll paa 5 g 4y ks c-% ey yall Apulu¥) il ol
ey dlagl 2 de aibesl gl Jea ;ﬂ‘ ¢3S g SLall
O el (Sap as “e:-*“ e m o glly Tgse 0yl g
Go WY OIS Thaa N ge S (g ¢ Skl Aa a ) A00eS jna
e o ms) Catin Abe e Amgin Jby el ) g 52l
e (el (Al Ales 8 ol w3 8 S Al dsale ADL

O aadl g a1 G aalailWl aygin Jlily agd
A e delan Al dal e eV LaaY) Glua ol ilpaly )

Ay cals L s A il oY IV elaut Y oLV sy Al 38
173



c@b}aumwmwdmehﬂ JLM‘chJJd\aJAJS
il 13 oSly .ty 53 it camad My dleas) A3k
i iy Al i ol dlee ol 4 255 IS IS
Aflany) el 3l Olad sk Cum e gl ol Al s
calS Aglany) oLl i o (LS8 Cuinll Baad s dals L2E e
LS Y iy Q) 6 )i e (peSa a5l pilaad
Aol Yl § g in cliysally <L B8 e pandl (L
aglll (Ko S VLY Glua el G oS8 Juady
e Laay! clual st of (Ll sase (Ll daul s Lead 8
Wy e e WS "llla e LAl sl 13" cdislaall aualal
S i Jin g2 o ey iy (BaY

Osmmsy Cogmn ¢Opeiliia g ol (Laf (Jla, D5 Slia
08 el 3510 il ey suSle o DS Guan Aglasy) o3l o3
obld dal (2 lS e o giY) Cadalll ) L et <) Aacy)
iy Ao g 55 iy conl) 5 Jany Ciger (5301 ga oLyl
Chudiia b A5 38 o) ae ¢ o g (53 nan ol 4 Ll
ae 8 oo sbuat e silgs dligsh 5o ) L1918 sle b S peal
caad ol i gl 4 gy alay G (dyguSle e
2 dsabual e load 4y dae il JUal el o el
Cum (Ol b il Ay (e CDB by B Gl sed) Wl
2l (O DA Al I Gilgalian €l ALY Sl Qo
bl gy A Lin) D i ) U 1an 126 e
Jsi) Siod gy comn 3Py Losa g B L Claugall L g3l

174



o ey .. s ‘;U,J sle' Js Al asll (585 sl
Al Say o Umie claintia oJb dadla b 00 (S0 5 palay
| 55858 a8 b Anala 330 (f Al (ia) I Caaty gy ol aal
Ldg flay Adlaay) el Gud G g8 1l Jeay OIS
& e V) Taf Ll ) a3ty a5 aas) g sl e 1
| pagd Cpill Cppealaall a0l e ¢ g2 La o OIS Gun Y ol e
dyg, Lafy S dpaly ) 5 A iy 138 L ole il LR

il Aman y B2 LIS S (o il gp Yo (Y 5 jadia Aila

o Sl A ) 4 e
4 ) bl el e e b aalgE leue
altie JK8) LYY JS b ol (35tia 85 ) sana (mu}
Ly Lmnys pilanay Lgild o322l cliyl 6 Alans deld sl Ly i
el oy O 3 cain O palaadd B clglalad s
EIEY) (o 2D o3¢S e gane iyt agil Aakkita il il
il lms] ciay pllaal ciyia IS Y1 ciua sl 58 oo

gl ol (g 4 5
OS5 e . auy Xy a iy dlgs e o hin Jaf e
bay hugal jludl o L camse pan B alypdl e e Wl
o Al Aon Gl o 08 L e 3 shame 3 al caiae
O Ll W oS el al Slaalfegp el aaxds o lad) Taa
e OO Al B ccldahall s i U Jll ok
2303 ¢(gl (ol 44 3all Représentation A4l da sy L gy

175



o oS 1 A) s - (assll Copeaill 13gd Aol 48 jaiall iy 5l
a8 ity (188 Gu) S5 oAk plass of 0 JEE iy el
(ionll g oy A Allal A jeast ol ¥ laaYl Qlua et

A e Gigandl iy S VD I el Al

‘fJ:\S\ slaay) ale £ ghau

ey 3l il e g gl 1 Gle sl YU cle il 18
ic sane Ciay (o UL cluiiy lehali ) (i) pailad
15 o(pee ¥ 138 iyl laly i3 Blal dlly aaiin) <l s
OIS A aaliall sladl saasue 43 ey o ST B DU Gl 495 2ay
O s ode alil Al Ay Ne Gallaly o sthasl e
Bails aalie el aall day chiiall alel Lo Lals 158 e
IEYENES (R RV IR PR PIR RSN
e bz O

el Al Slarall Jease duas 0 e ba e L
b balld (ks 058 o oSa glonad) U o e il el
& dudl 13 e laely cubaadl saly o 5l s cclilSual
S bl ¢ jall Je ati Cus Pumaise " jaalaall hleias g pal
Ala 30 Liall 558 ade ¢ i e e Y] gajla Y 5 sl
JE e Akl sl Jaae a0 bl OB clall e de senae
Loss @85 cpand 08 . alall hu o Aasuie Jala o il ol
&Y el ol 8 el Qe daraall o Aa all dallly Gy eall "

2 Al

176



A3 e 48 L alad (b o sall iy o sty S plas ) sy
cj\jl\}AunL'J\@}ciﬁﬁmgﬂﬁjﬁd\%‘)&d\a&gﬁ.:ﬂﬂ
ab Sl B comaine GNT 30 e S0 Ll Ll g (308 ae
L el Gl ke e ke
sl dan O

Syl Cije (JE e i 0525 canadl clal gl sl e
dclia gl Cajpe e adbudl oAl Jiad cajlll g Galull o aall
Aa b L e o ol (S0 3 ad A ol G ad Gulia
s b Lld cclaie sy alad (Jian 1, faiga ) al
oo G ey ol e S0 e 5l el A
gl | giialad (Kly Dagnge Gl gamy asll J ¥ ecolsld
Slay diu e o Gueiil 18 oY (sl WS ol
B e aulilly phe Q) oAl 85 Sl Jetall 4 ‘amw
s 1B 30 a Aa 398 ) G Dmadll gy o 1Y jlaidly g_r_q;
St ol el 138 Jie uS!

Olas il a5 lall dam iz b il W Js
a0 By ‘h; datla Gl oS8 Alle 3 ) ja da o 88 L )N
oo bk Eyaall) Llaw ST el &5la @ 3 (S8 dumidie 3 a
iala (585 Love (frsSu g Sall Takd udly (o sSn g Spall bl
DS calS LS L agplal) clilla b clie ST cRadl pe ol s
Ll O s panll S LIS S Unis cuale (Lo
Jad 5ot e e b Las] seas 13 LS oal Lo e jledl
& opane Al J e 58 pal aa e pabaans 4fi g s

177



OsSs paall 58 Sl dadla 056 A L Asla ) slu b CNLa
iy (8 S S S ki je 05Sm lA 2ae dl a1 S
Jad Jaaaall S oae 35 WS il sal sn b Jabes

tebasyl o AoVl S A g o alshall (b 553 LS
O8 i iy sy clagiy dgagall o fll 5 ) all s ) caiiall
Jd (e olidlia Al (PV=n RT) «hgajbal jagddl Alalsh < jladly
e n 2 Jal e gy YV aaxally P hicall O pall Juals
Sl b e Ju R Gl LT 50 5all da 0 e V) le e
o bl ke WS, s O A5k d e il QS
1Y paall saaly B Glaged e g s 18 caanll e daguila 3l all
005 I o el s sal) b dslade £LAY S culs
il 235 Wil (Olased (sT) 50l da sy Gad ) 13 oyl aeial
adall Ala pe ol &le (Sary (Glhs 8 b Alnd 4y Lo laay)
ol e ann 3l

olia e oSy cdee g 1Y colam LI A4S a5 ) sal
0l peand opaadll o LIS A Glee WS Ll AN el all
Waas ) cdaadl s 5,0 padl G Jsadl 7 dy (Ole a5l A8lanyl
UG a dee 80 oall D 5 S LAY oo Cuaall dpliey 4ie
Lodic . o g8 g Stall Jardl Al (2 9Su g Saadl Jandl (0 J g2l Adaliy
Leie 3 jlud @lligh ¢ Sy Sbe dae ) (o080 sSaadl Jasll Joa
belall ady gl (oauy htla 4 3 )pase & e oS
chelall g 8 Ly Ulam Laf 248 e (S0 dagie
JS A 5olud @l Jeant ol lians Loy LA ankaat

178



ok 2 i Jee — 5l a Jsadll e Pl ad Jsil W ey 1
Ss e oadl Ay Ly . alS Sl aa g ¥ LGS 1Y o2 Y
dee I
haal s

1S )L hoall o sgio dale il p2a s alhadll el of g
OsR ) sl o el glial sy paal) pay el ae (Glladdl ae
S glialy claal ) 4 il asehe gl i) Tagigd gl ga
gl Glhall iall agge aaad G5l 5l g Uil (Ja 0y A
Bola da ol Lexie 3l Gla p Giiie Jual s ¢ el pa sl
Bl Ay s Jpud 200 Apals (o i la elie paiiy (L
(Baa sl 8 ade s Bl all da ) ae dens Jay L 3
sl (08 Jysh Sy e o sl OBl a a0 iy Ol ey
Gay g b a3 0al o gibe G al dan ke e
5 all

Juall alael suaatd I o sl gu cemddl) galall bl
olial pniy AL el oLl Alla 3 A5 Aa 0y Bl Alla 3 (3l
AV B s Y ol ISV a8 A ) el Ol o
Fahrenheit Culeg @ (elie 1a cagd  (sillas ?@.‘\i ae)
hing Lo — sl (bl 138 () serdiioy cpdl) O sn ol a0 55 Y1 5
aaf 2 MW W — ONN ddase o dyall cilad all s0alie (e

Juaills Jullsy Jhaall Voan sl 0l ad ¢ o)) sl manillg ccpal) o iy aall
pa gial o) 3 gmy GLESY) 13
179



N a8 a8 (Al JS Je sSse) Jaiy of Lkl o8l
Ja¥! o S a5l IS 3 pa Aa ol (3lhae (uliie 3aa] Jysh b
A (gaai (53l
e ana dal e sl all Aa 0y hkall G ADL L 1)
bgle ol Cuua (Jiasin Wld (Al jall e 2daa 2305 s
Loxie 50 yall A0 & Lot U Jgadl ok o 13ay . affiss e
dao Lags and chilide @ g Aoadl and $la g Tl ()
asdl od A L (Gamds) dnle a0 — 273 ay Leasds 5l al
Y e A n D Ly Alla s A Y ol i Tkl 55
Spdase LolpS) L) L lae epm b e LIS men
A gall JS5 alaal¥l JR Aaily 43 g Bl il o) L(ASall
Lo 5 el dn sl (3lhae (uldie a3 Sy el 138 (e (UL
e 8a2aall y Aad il coda Adlhall 50 all Aa o ga aidicy 5l
n e Janay clgia ol 38 eyl Ol ey K (ol ) U8
o ol S sl sel 3 e oAl Ay b Ly Aas)) el
s Ay Juall i Ol e ea o dpmandl (Y1 oSy
sy - Jumiy Ll oLyl psede 23y Lo 2ay (Aialgd pluadl
1 S5 oail — a8 a5l Adlall Jagi 5 3is rie aild e QS Lo
(S Al dal g 4K

Addl Ay g AN
laa g 48yl ot Al Jaadl (i ¢ (e oS3 5 LS
Jiul Y i Wil el e i Lavie Lol &yl Lgills )

180



ool did A V) il Sl G ke 5 S oL Al
"lial apdat o faudl 18 e 13 ekl e il il
Ll sl g L'yt g el s Aelen S o gl
iy 3ol e Jama s clglls Gl (e (S X3 JS 13 28U
Lial) adllall fase of el Com ey Auadi o L8 (3iad) X Jany
B Al AT Slalels ane 3 of (e W Sl s pedl LS G
— 1822) Losiis SlaVl s elede ollia g 5 Lepaws (5 al
i 3l aedl agililus & oY) Gmo lasial o8 )glS (1888
lun (rsaeis 15068y o) (fly o(Rladl 5oL i Sy) Glesily
olie o gl Sy S plEd Jeoad glesil o
(sl (o) Apelliil pae Quits Apg Al Gl Ay iy sl
5ol e Ay ) sal) (sl a Ay a1 Ll A by sall
Jasi Ay sme Alen JS 323 2 0080 guinsh o U 5y ¢ pum sl
oo s Lo e Gy Tase 138) Ja Ay 51 LU Y Lgie
il e Al JSE o LS o) Al e 2l (e L3S
tote s el 135 («t AT 1a iy Laa " a2 ga Sl
"Antinaturel aslall 3ot g8 s 7 g AUl LU gie aia gl Gasalall an
Al g fde ol e silsr dm A alal allall Cagus 13Sa
Shasll Sy dpan FEY G el i (g sbaai 25 1 (Mac)
O Cua) Graz S b o)y clajilad Guua af pe calyging
Joal (JysuSle cpni cysuSle Lind s c(fmels iy domy Glail
oSl & e saill g Y S Ay Y aden Ay Y A ¢ sl
181



s Qs B a2l (o3 e i I Al S0 Ay ae el
oSle e aa a5 L5l 20 mlae Linf 5 cla Sl liln
gl oladl ya 0S8 Loy ey Y Al 5 o D
O sk Sy w08 G Ga e e iled cpaliall g ¢ sl 1o
O Chgms sy a5 zmmaa g5 cLigines b ylen aleny o) 1
Aigall

e seadl pai Ladie 13la) pgis Lils .13 Ay g i) o sgde Juaiy
Ul 038 L iy Lgag 058 bal L olbsy Lgdls oLl
(8l dgn (pn sLally clgn (a yedll caliiia Aleny U a5 . cyloniia
Lol 8 gany A Loy 138 5. 58 3 b Jadls (g puin g8 Jala o Juansd
Saal i Y glasile ol Lasd b oSty Al aan
oud oSl 0S5 LS el Ay il Alla g oad dlen JS Laal Y Ly i
oski o e oa L a8 QKA Jall ey g3l Gus ey @ . S
BN LY he o Laasal LIe g jlaie Gumjadl puady dlea
casill s sai el AV g Ll

e s (ada gl 5 Ll 28U} il ¢ dna uia gl ciagelall
O w4 L dpuaiidl a8 baiey (oSl Llal
o 3y el el b s pan Juala Al ud laalins o 5
O o) pa . m sl o sgia an iy Lo 138 g« SLEEY] Cpmy Lginallas 3]
e iils 4d S iy g oceday V) Lo ) JaD A Guss Jlee
Do 3ilss o8 B e s 5 e 4) (lgadl S (o Lenlge dlam g
o8 e S agd 851906 ale e Jsl 7 b el 13

182



leall b iy s ) sl G Gy a8y gaill e g s
(Al 35 3ns Jad Bli e i€y clan 1350 Y] 2S5
dullasy) 5 Lassh

o Alasyl elall 5okl il a) i gl
el Gailadll JS oy ) laelad (9 G grait il celyaS)
pahaad g (il pailas e lildel Aibel LSl S
LSy cled 5,8

2SSl Gabiall e el Al glae a3 ailadll I
bl & 5d (Sey S llall a5 jaall el 43550 (ulse I
e 0l b 5 b Bl e alaeYl s yaal Gl A5l
ol 8 S Ly oy sh) (s sian e Listay Lo Lalas &l gladll o3
sl alny Gl o ekl WS cataia @B gl Ll 4
A faal) Alseand g sl sl LS asen 1) nd e Talael
soa gl sald) e Lt Y glaal ol Al 5L Gl s
ey Aial o 4l (a8 A sl (bl cals k)
a5 B guall aadat Qb 5 ¢ aia il 2af g5 el

ol o celiafll 4te il (oM ¢ BN Slaall juudll
A8 5le (Say S Lelal 2 ) o0 51 ol L Aile)) el
A Gliyje A ML Se @S falyn e Jpasll G )
L ax $200S 5 eLal uld o A Gaine Sl e o Jgasll
aalauaid By Jii dylaamdl il jalls ] s lasy) el 5l
e15Y) agaiy (lilal uSs L sl 13 Dlay Lian Lgany
19 e aasmn il S 13K 5alse Gaie COLED ld (Sl (Geaill

183



1 JS e Uil ol 5ale) ol ol caboail) cYLdal Gl
4w 4 L .Rendement 4404l i Ll g..»l..j Jalaa _paty
Sz 9 0 Jis ) iy ja)

eon Lab g8 e el (omaS 1 ae Ui S Jolis Laxie
b Al deliall Jal e 4 cagi o S Fileadl 350 50 Slie
Gluny el maw @l a0 4 (bl Sg,d 1 Glua
sl of Al 02 Juay cpgdy Al Apagee ST dday lgali S
S le J5s calibagg 4l sl Jlaa) e

Al o<l ¢y 5kl B 99 plladl aesad) £ la)

ot & celagn Vo s Ll B dlils dasin cAus e
Ll cpdll ol ol 13 1 sl y Ay ol jen 3 B3 pusa ¢l gen
oSG dgpad S e liely dyadll baa B, dld g0 paalu
C o Ll 49 Ll e e el o) 951 all da L of @81
oo Wuaa (ayma 8ol il celaddll abaa¥ (2l o gually Ul
bl pladY) by didisd Aagiall dyjad b clid 1Y e gl
(sl Ansall Jgka alls 4uS 5 ppdse alastiuly il el s 13
O Oe Giam Ll Aasall Dkl 0o dsd OS Lges ) daal
(5 a0 A s skl Blas xSy cxiludl ol ASHIL g2 Sl ol
dalyg 1358 g (e puall Juad lail) b juady ccama¥l ool ey Y
ANy il g 55 ol aion A IS da el JB e
Loy caelii ) Cum (o oy (ALl ol 2 finsedl (o g 5) A sal
ey Lo 1 F S JShy Ay soallal oda z ol (S e LAl
UL 5 n Sl 48 el s gl ¢ ae il il il

184



ifipn et DA e Gk 6 A ol culS Laf
colS 1Y Ll g ol G gl ade lgaiag 8 S o
Zasghe pe (Sl clua Bame B8 O 8 DA e dsyee AL
dagial o Gl gl Aflaayl ol el el 8 A culs LK
DA e g iy s (Gl o) @D (5sad calS Akl
Ay oIS A g gl el S Ll el sl
@b el Gl A 5 S iy (0 o L BaTl) s Laat 4 dpully
el ae L2 e S (e s e gils 0 S IS (e jlaill A
tdhe lo Al gole Clua oloal LA 13Say il ddlasy)
il gy Sy Sualy sl il luad)

< cilinial Uad Giyey 0S5 da sl OIS DL (Sle (S)
19 3L .08 Lyoad g 8 calS Ay e Jumny o cany IS
okl Ao 5,S ccaul cels @l ol ey caVales dallaa
dapall RIS Y 6 jaee Cilias Lay glejils b sk (A Azl )l
Clallad dags culS aibles oK1y laadldl 8 HlaeYl b A
Gl Cluall (o 4dy5e )un S L Sb58 Jma (50 Ay daialy)
itate s S8 aela Lin Sanand dudy 53l 5 (e il g0 dlaiy (IS La pullid]
(m @y 5 e bl ol Jd A5 gan Gigw A
puis 1358 9 .5 jaas o a s agde JSdy gl )ad aokdiud )
g il oA 5 cquanta Ul oS Lede JS Cuan 4y gilla Claa g Y A8
G855 oLy ililen iy Al G Baaill 038 LS 77003 (2 o
Ay paal bl Al 3l el Ayl llaadl o

1905 Ao b oplidl Lanams LS Aagnua diina oK1 tad (IS 4l of a8 07
185



Alee dagi catleel 3 o ol aeid 050 o) sed (Lipiha D 1y
JB 5 S o) (o e b Al Aaily (55 e o2 ymmy S alal
8 cilS 5 Fea il ja A A e ol caie e, VI @i 5%
S piaa o ) Al B8 e 5L o3 o Lt J (e Abeda
o qn canilin i 3 035 13y Ll ASulaia e 4l s cllS
Liaie Lnf 49 S0 8 DU Iy tagal QI 5,8 I Basll it
ohel 8 s iy o SN O O GAda gl sda Jsa ‘j:'ltuﬁdj
ot ol s ccuma s Do Laf Jim g e el oy iy o5 Al g L)
A0 A U el e b ey pladl Gk ol
G stial e F laa 1Y ooy Al o OIS Sidall )
U Sy (el T e Tad Gl el — 4l jS3e 8 lle e
O b a8 sal daal (e faaly Jidyy DU aadl iy Cigu
sl & ),\Ii 9 *pantheen

S sidd A il
Lad 4y (gl aall oo asl o8 ¢ Sl amall e
d.a‘) 43 c‘ﬁ):l.hl.qaj\ “_l.._\]nm cé)u\ ga.‘a.“ 4)! ‘;AM‘ oyl el
i el pnin Al sl daf s oSy sk
58138 L o o3 S ¢y 2038 Al ) AAMSED (e LIS e

lgana

Rondlet <uglaig ?5 soufflot < glé o laly ‘;1“ ¢Badad g w.\il\) oub A '

cshad csmgy oilgl) elabiadl Ja )l ol UlSe )8l A cmpal Al

il (N 30 05 comus
186



sl A S Gmed b Juaill AN sy o
DU nf yams g€ Oy o oS0 ol y gl 15 sl
s die Gaati oAl SO g layl & sage 9o 1 A pasl) Sl
ool ot dhadl Gkl o oaliey Sl oa L
sl (Y a Alg) A B bl sastall (dalanyl A jadl
o il Gl 4 Jamy S dau e lla ¢(ETA LaglgiSll all
COlae A B Ve D5 1905 ale b di o G (el )
) A gl ASHall AE cdgll diacada Wlaa) Lol 8 Lol
A e R, (Rflasy) Cleile el lua la i
culS Yl oda (L sSH elilSadll Ay b (S g) L S 5 sil
ol e 0a S st e Cuay i sama daa A
Sl aom ¥ sede Allal laiuall A g cpad of el ol
Y S Lyn VG ol 8 diecaiall Clal Y1 Cadale cdanl RS
e I Y gy ¢J8 LS o a1 5l aatinall Juf a5 J)
aiSa 8 la ls Sas 3sa ga Opladil PRESIN] o S janal 5
Jde il any LSgias ¥ sad clam g
eSSl S o et s D peny Al 05 el
Bl (1922 ale 8 leabind) 1921 sle b Jogi 5 8la Jly adaa 53
U bl Gumy QIS JS Aia sl TS Sl 2Y1 ey
il (2l sl glag sl Al 5l rans die aaldll ¢l
SUVN] e Y Cuay 385 calS el Joud S g i ol
A 1 el S ned of oy lun degis Y g el

187



W ek S ol LS il i e 50 Al A dasan )l
Al &) oLl 5y Al gl il 138

el e cladl ezl loeSssl S ) sl
Ladie 4 L gl (S deaill 8 Lhiain ) (dua_jaal) Ayl
A3 o ity G5 Anily sliays ) G LSe Jagad oS
s Al 3 3 LS o Jpemnd sy (Lol eS Oy
OIS o puall Ll Al 8 il e Lo la oS o oSy o Lial
colS A8l oday il i culS clagal oda cCilage o UsSe
Sy @l e peaia gl o L8V AL geS Al ) iy Sl ) Jad
Lo 13 1Ay .4 e €T cld oat < jelal 5allall Aduagdl) il jall
Sl oM dan il gy s (e e g i) Aagia Ul
CulS b3l Aagia I Asad) 4 gall oY) Al o ae oSS
G e gl AT Gaea Sl Uy 1Y Qb o bl
S sl 21 a et oy iy ()5S (Sl 6 sual

SV aEa Y Y o iy @l ces A dgagid) Gl
Ky s A dea o el Aaply dgn e ol glad) H 5
Adad e Al 4ok 4 Gl el (8 a5 ol Lasede e B 13a S
soallll s o gl dygalall bl &) Dl Jlel ) odasd e
Cleay O oallill Jda ey A ja 4uds Sl 8 g8 ¢ gl LS
588 acy (IS (53 (pusa g co gudall Clapay Sy OIS (52 (ign Hhas
G il (e G 1Y Sy e sl dagmse 3y o) chasal
daalall g oS 3 A ol LIS el sda 0 sS Laie © 3ig

188



Vs iy (Jalsl sl 8 Alall 4 o3a LA je aad &) Y
Bailall & A sall el ghll ol (g Al

aalall oda (K1 .o ) el A Al ah o g guiall Gl gd dda )
w=ho ¢ i 5ill saaas a0 dail ledla (e gaed (Dl a8l LS o(w)
CalS 1Y (Dl il pan i h s 8 v g DL D b )
ol ety By i) day s ) A e e ch — v o2 Gkl A
oin olS 1Y W L e UliseS T3 ol Il g iy s S
Sle gm0y Sy dad 5 die o L L e D adl dslal
Cahss S ssl 9 s lelal e ) Afall b ol Ay
Lo ¢ guall gl SIS

(Lo crde s T o pue 0fS) sl eooall LAl #1122
ousl el §at Lesie 520 a3a ey Lelyl) 8 Alia 550 Mase
Guald dujie b gl Gy oS @ (Lad otad ) e e
sy uose 4l ate B gey 3y ol il lalsa oIS 4
e e dagobl GG o e (4l g Gl a8 ))
K Jal e dagmua ¢ sl e il geba Al AW o (Cilaiia
Jalall el Galas) Lo s dal e geld S8y el el
5SE S5 ¢ yismy — Osmald (aSsa¥) U8 e ol YL 5 gl
b Baas Vs sine e lll IS 1JANES iy 5SY dllia 13 .k g0
na sed D gy cb_gill el

) pmians A0 oS0 oLl skt Chges 850 130 (30 |l
08 of 5,88 Ul s oS0y Al S el e IS Cya
o mois Aghasyl slsal cllual dag ) ol 5 jalidl o3

189



MRl e b Laf e 6k 8 d adlaasy) oLl
5 Al i Aalal el Jese o plak i
Claasd s A8 Claand DU WS Ak gaT ) saal
L Laf aani &l dygs il e Clasnd (i i gun A
ofen Al ol 30 A ellig ol e el Clilasly <oy
hia 3382 (et iy (g pmae 38 IS il laelsd (Y1 (e
ABlas ccilaad) clongiall 13 Cpe DU Cadn€in Ll clilinsl
Ly (S0 35S0 Sl il B o ol i) e siled 0 K
Ciia Apulil) o5l ol ¢l S LilSaall Jumdy a1 S e

Stila Lo Lia

oubiial) Jy gl

U sy ey (il il IS 1Y cad Ji e LSS
o A Ay e Clbane (o WU iy Sy Sl pailiadl
Aol el Clua (Saddl e (e Dad . al sl ey WU 1 3ale
@il il b ailh Cias WS LAl Ll ae aald) ailiadl
alad (LS A @l Aol i oad U el Jaal ofiysiall inall)
5 e ) Lahlie Chus Lavie Audi ol )3 G oo
238 5 jall da s CadiS) My LApwshlind) 4548 slad pudy 49 Aima
Cslea) ) i i Loy . e aulill (Al B g8
Sigin die Giay LS Slef (s @l ma a0 slad uSiy & o sl 4ld
Aaa 38 5 DL

e S ¥ Aglad s i () patladl o3 £l s
asii Ll ¢ oSy Saadl Capusl (pe U ¢ Jlaay) Capesill llaa

190



(10 D) 258 g Saall 5 Snall (g0 a5 L da) s e Il
b 710 A0 e alad A cligiall dau sl dpaldl) Canal
Gl jadl o3a saelue (Cljall (e Ba aead ae adhiain 1Ka
1a 5 el 3710 Luliie o Adaw siall alladll Qlus 2y 4is Sy
e 1paly $10 10 ST10 ol yall anis o 80 Jadi B L.l g
Ol o st of g bl dglee S8 Lol il Ay
s 13 of ol &5ady Gulall (Kl AGae Cilaenill o Jalul
GiaT Ao sane el uedl JBal aie uy ¥ ccluall (e
OsE Qe lpew Al J «Groupe de renormalisation AeUadl)
LAdila Alled o3 ea Lois d’echelles (il

clad O &Sy S atloadl luny i () ) 130 ransy Y
G (p gy Ay £l gl ABlas i pusi (3 B liads ey AL
Jadld i iy all A Sl Gatladd g8 Ay jad (UK
sl Jatliad S (e e 4 oy i) L dpa Y1 elly (Al skl
A oS g ySlall 5 A oS g sSaal (s A 2l aplia) o 028

a (galis (psS cipallail (Biat de gane Ak ¢ fide g
patlad (e el jadl Cla se pailad Glus cuall (e ashill,
Jalsal UG 1ogse edalpe o ol alal o815 coldl ay3a
G Mg Bogelaadl Aglaa <l e (S Galdl Guliad ddau gl
oulia o @l S5 o) sy ozl Bty Ll glae
el 8 Laf Ll Gugunal Alally Ajadly o G JS o Aadl
228 (o DUl L adinall (uliall o ditiadl (Sl 5 laiall dalal
sl ook 3B couinsd i — La e sladell Gy o o5kl

191



oo 5 b8 (s i tasgia e US (e Sl gl e (Bt Sans
e sk Clide e Bdd Gty S Sl Jelall dagll L
oo o L fianall palliad ads (S el (o WU (s
H(5550) e 3ol Lepanst (A5 Al Cad g Aalia Cad A 30l
s cliall cclighal e LI LY 3 clu e Aludu o3
Ol o G agd Uy i i o3 Jeis Laf (€15 ae bl
LU ;JYJ‘;LA:\}BJ‘-A]‘ kit — Adaw gial)

1) 02l cull G K e salal @l ) gha ) oS A
oY) JSAIL alaaYl ey als 5 SH o2 mjh & Ll Al 5 S o gla
Lo Al dpali s lual S8 Gl qadally elld pay 501 Jal
O AE ) S s plaall oda )5S0 Lavie Lo g ol iy Le slaa
Al 03Sa s Al clisall ain el felld G J<al 1 sl
[FEPPY PRATES PR [RLA RN PR DRIDR PR R AL [ s
o A a6 (A alall g 12Sa LAl L (i el Aaad

R

192



1 Jsd

i .l A Ay At lag Ao gy Linay Lguiand wULuEJAS\o)jJUaL\J\M
S 0 gl S A0 Ty Ty e 8 Ry Gl ] sl
(PS580) STO, £ aal ccully g < 38 ccpadd A oa ) b A58y o ged

2 Jsa

il 4 il puay

R NS

RSk 9o pladli

k § gl by S
ot )

PSS Ay AUl

o3a (pa Law) ¢ gl

Lo s

3 Jea

g addilal v
pldal A gy Cihasd
yal pally (sl
@b s Laag 3
ia b s ol il
sloan bl Wi gtk
g} rddlaie plaguy
LRI g

193



6 Jsa
OSas A puag el
e o aand o s
s aaa sl S
Ol AW e kel
— yadl = 3y
vanl pga Mg sl

ont | U5 SR A (A 3

¥ 2l gy gl
coan¥l ¢ pal WG dal
(o) Guans
ol pedl  ual
— Ad i o
(Magenta add sl
JS b .Cyan a8 3,5
iy clduadl o“‘. Ca
Ay ikl e e
) e Juand Ayl

5 Jsa

e Sl el Jia
FREP- R VS JEEWW, |
E.r.._blhkﬁb
AR g gl o3 dy
Jal G faad 1
gl lash) Julaih
i e

Aualiaal g Lagial

4 Js
< Ase 8 Lghal LS cplagudl A0l (a5 88 Do aa ¢ pueaddd Cihall Ji

194



_

8 Js&

CMFCLELPRGEL?’rFLﬁFCF shgs i T
O (A «(@Ral U0 ) sar ey Jhad) aadll le aady QUG padll (Ligad
sl Cighall 6 el Glaal) Gany o el (Alla

7 Jsd

335 30 Al A2 of Ba¥) dangy — ApSioh psadd Oladadl — oll) ada
(Sl olaily

108
104
103
102

10

101
102
108

104

A A

&

Nains
blanche

Branche horizantale

~VEGA
SIRIUS

junazy

F G

C

rolige

195



Modle de Bohr

Electron
Orblte — /_ % Noyau
{ - ./y

Modle de Rutherford

Modie de J.J. Thomson

9 Jsd
o)Sunh_,Mluaaﬁ ‘Wyc.\‘,udh\llqé oJ.\!\A.quC.\Lam
‘,5 Asuadd) e ganall falke .\Jﬁwbldjﬂ C-U-uﬁ\ chugh & Lu\agl ‘-'JN-“_

._)ﬁ_”c-\}&l USGY\

196



o 2
2
& £
Y A
(a) Absorption {b) Emisslon
ds lumidre de lumidre
b | ]
g
o

Lmommrd nnﬂa A

10 Je

gy o 5 gual) Gaiay oo fae s (Ug Y of S guin gy (s i dadai

Gl giey (A B) LegWULly CpiSad) L fdug WYihsl as 50N Jiai (a
Akl a3 g boeall § Alalgh g gl Aage Joh (Sl B) A8l
Gl (5 AU Ly gl L (pasally (uSall ) B (s glasall () A (5 gl (a0 g el
Adayia ¥ g cduaian ¥

A o it (a0 fa QMM S (TR (ia e (A sky O 9 ) (b
piea Aagall dgb S 1omS DAY (5 giaea (B4 OAS LS gl o
Asd s A go Jghly g g (8 g (o gual) Ciall

Sasaie g pa pilaasS (o paie (o 5N (34 i gy cdeliaaall Lkl i (c
halal) AaSh Julaihl fape b 138 .pgmiguall g ciouid tdplaia Jgda b

197



Homologue - R
patamel

\
)

)1

=, ——F ng'p’%ua
N g

T
REPLICATION DE L'ADN ¥
£
Appariement \_/
des chromosomes
hamoiogues

Les paires homologues

de chromeosames
dupliqués s'alignent \ L
sHr ls fusaau
Les chromosomes
dupliqués s'alighent
daéld';a;':g::ts individusliomat
antre chromosomes surle !

homologues

Division cellulaire |

Yo +\

11Jss
. O 9 Qe g gl pLullY) s g (page i dakaia
(ogim) goatdd G Afa A ool (A () eaiad S8 Do Ao bl
el g jla (o e S (1Sl . (AL plua¥l A linal
198 |



! ‘ ) orin d'ADN

Transcription en ADN

Leucine Phénylalanire

' Traduction Polypeptide

(acides aminds)

Replioment

Protéine

" S aetif

10 AND S oy LAND - i SBluall frad gy (oasan 5 JS4
SARN g ) Alyjally AND o ghas fosii it (a
Sl gl gy 3 Y ppal] Adlaglal ARN gl (g i (b
SOl plad gdiall (¢

199



14488
32l 5 Ji g oY) Cibmad (lglaan g 51 o1 slgd A gSall AREYY Cilida prda gy (s U adaie
. -1 NA 66 -30 MA
P - 1-4 R s0-9s
4-9 Bl 55110
9-20 B 110-125
e -5 M 16140
e 35- 52 B 146160

5288

13 Jsa
3 g g 1 Ga sl 13 A J02D 1 el aa (@85 Gt JS - Claal Gladl gl AT 0l el A Y Ak A



8
@)Jdi 5)}-’5\

Cayniy salell Algl saa gl & 50 (f Sy Kol e OIS
dag Ay dagmea p CalS 4588 Gl Akl oda ady lad ad ol
dogall Clopeal) Load @liay " 5,0 Gl &a o yinal o 5o ¢l ol
48 ,la0 @ palaall 58T saa) A Aala (Addals Ay caling] K8 g
oA Aes e stadll (g ALalil 5l 8 g ow Ll Uiyl L alall
coala IS8 bam s i (S0l Gl aay 21930 ple i yde il
oSy (1870 Gna e DB sk Gl S 1914
G A Cadall (5 g3 agidbial 1388 5 Anlal1 A 5 dualall 5 il
lada L elaely () gaiing | 58 30 oY 58 4 Positivisme  ulasy! sa
(b ) L giany g Louls Luale
S Gl colE 1870 s oo Bum S A 1KY L
il eLSl G 1914 Hle ey Ll AL oL,
i olaaialy el aay calead LY e a3 530K

ol ya el g Abaaldll upals 8 gl g0 e S5 3 i S Cag o cbde

Cin A el gl ) jeae D A aledl o) peanll o g alall

a2 il ALl ol 8 e il e adiae gl e o
201



el gyl agds S0 STy 1o palicall G han igie alle ik
A Ay rAleal Leadlin 4 jme cang clgillaa Y
Lyl 5, Ay
il il &5 5% A S Ban 5 e b Le S
Lad Jaaiy LM AUS A8 3l 5l oda gl 3lg JSpal b o
A ga AL S
AESH @) Clopunll o3a .clig AN Lga g8 3l o o
ot Al Tl o3 Al Ay g8 A Lt JS e 5 jal
sl On Asesl oxll sl dsa Sl syl cdn A
Ak 1y & (oA el i (e Al s il ‘—’L‘JJ-‘SPBI‘J
Apahalingd S Leila < d8ay g (Al 68
e Ay Al sled (53 elmd & Jin iy S Y 0l 5l
ol (i s ad Jun W eladl o Gy ol o) sl
710 = Siafind) m Gsle Bie on T 33 (g A 1) (A) st S
550 .75 50 100000 — 10000 —s srual b 31 sd slad Wl (e
dsa Clig SN S a e slae g1 8 e JB e LSS LS cdiSa
.51 gall
e o e eS8l gl i of G cile S350 LS 1Y
Al Yolow (s SN 48 Jii (o3 plonill b Cocat o8
- e sk 100 1oLl usb oale

*

saies il Aidiliiey i osia JSG Adpee e oy ASDU Agdal sl
Lia \.ﬂ;)& Cxaan g w‘;.;’.ﬂ A
202



il Higade iy SN Ly b 30 LS
W by ASIY) daey Adllas Aoy iy el 5o 1 5ill 400 6D daal)
JS Ablcia 10 (e LIS 8 g 50 5l sl o3 lglpn s
O S L O ogoued 500 ARl g AN JS (Sl e A
AaLy cibids Y cibide LUy SY 92 Ll assdall 553 caaly
50 19 1S Lclig SN A pay 138 LB Jgidia 1 a0 L Laaga
iy YL Jsidal clamill (Y G ssud 550 o Sl sl
@ o (b lpmaan Limiia Y Lpuimns i ) Conadlly oY)
caly g SIh Jgdall @y e oSl a5 Y Angpu S s
A A, g A s aahy (JheS geale J9 dblay e
Bl s 0

Wls 5,00 a1 A aal oda o5V Casl 13a 2t of (Say
A clagen (e DSy e QS5 ) A i Bl o s
@ sl b et LegalS of ae ccligigpdly clig Al
Cpelily Aumge AfleS Bt Jeay 5ol J oes (B Al
O Al el sall il Jaws (S gl Al Al 5e<)) Al
se Wl Hen Al clig SN e Jalay 3l il 8 cligigpall s
dagnge gl L SLeS) (s B e gl cal D by sl
Laf Lasys cagame L) gt ¥ g J85 Ld 28U cla g 50
O e Waaaad g 138y ¢ S1y Jaiad SV 5 a1 Jailiadd ey
553 30 ol Lol dhes Law cdnii joainll Apidlly Jing 5 aY 553
53 By gsady s sl 2mm Vs Usign cmsoued 503 8ls
50 On ESy JB e Ly (Lysin 165 Ugisn 92 asd sl
A ) Ul L g 53 8 s WY - cam syl

203



o Bl jisan ae Wdle lakd 8 US 6 A Adalall dadl odg
iy S 3s 18 e A8 saladl o Jsy OIS Ay a5 YL
13 Gy i (g S lanan s 158 o8 L 531 oS5 1Y)
A e U1 and Sl B g e 58l 5 73 sl
e il

hagal) iy 48 a4

alalls snial el (of Uiy il s 5_alall fua Lisgd of an
CElectrolyse e Jaall 5 alks Tus Lieghs loeSH el Jiy
o3¢ Jen TG Laad 1,405 Sl Ja i o g1 QS o
i jlay saaley Lagie JS Justty (f el g udad Led il 3400
RN LI VP U RPN IR FR ¥ I I PO VR P R
Jalie Sl e slaa ¥l o tan Usns Uy jin IS ad 081 g5 ool
2alS Gl Loasey of JaaY il Joay Lovic ua oy cpiy o 4
asd patind A G 58) cansad I AL Gl (e Jul 5
Aghige dadl Ly pame gl 138 e Bl (0 culd 8 5ol
St sl 13 dagl o Lo gl 6 s o) Jelid

EE Glun g3 (0S5 S S Aually e 1 oS
T R QR CPO OV PCNC DUV PSP [ ER K.
Aaadlly W L s gl 138 Dy o all E1 8 ae AL ¢ I ¢y satl)
38 o (Apnaplalina eSU Cila gall Cairi€a) o Al Mol LU

(it ) bl ol oSo 4z (pag (el AL s S
p> jial
A AL il 48 glae g tia oal Lala 190 canly i 3 3ka ol B
204



A3 S o gl Ay el 1 (msat lagall L Cla e IS
A S sy o @l g ciashy gl Joli Gl K S
Al A1 jle Al ) Aaaladl (e g 55 ) be e doaly D Jea
o cm O b omd s Ld b LS s ol g A
el uie 8 M Akl cAgrégation Jsd Al B (i,
S o o (Aminfl elll adge of) Uladl Gualadll Jfy A jne
Aigatall el alla) sl oladl 1859 Lo b ady Cise
pay A (26l [aasl) eyl AadY) e (Guliliae sacluad
a2l ad D0 N KA b dpaes Ao gl g8 e
e Slad A58 Al 2291 1Y 4l Sl e Jeasd e gl
Ala 3 LS (LlleS snde lapen 35 G @l (S

(2 1.8 il i) Ga e KV o 18 b g el

aaia dae
i N A
AR D

(

Vooalg

1.8 Jsa

(A Y & paua 51 g

EcD ¢ s By A (A S5 e i (pe Daiad Lbageall Aadl) (ha 4
st Jial) o sapes mbaliba Sia A G o gS JRa 3 g S
(E.Sergé (oama .} coind) gl 7 A Ao gua g pdliliy Adand 5,

205



2.8 Jsa

536l A pakind g buge cull ol Blavally dgal Ayl quld
On B (A pall ) A And8) o Gguasi a3 W) LS . L
Lpdaal) Akl . ala) cissl O g Al oda Cula JAISY Jady 501 ga Ak
el Adugad ol A AdlA) e 5 pall JuSddl padl padiud
Ghygal Aal¥) £ 565 el A alad) gad 4n g huge gl g (g LD
Ay slaiadl (AdLAY AT Latie ARG ASLAY paadd Al S 98 Jady
Aadl) Bady pSali ALY Jals 5 La) Adiae Akl JSAE Aaygad) Al (duald
shy Ade o Auiae BRI Ldjy GUID Jo g cuay Alial g8 (B Akl
bagall Allax 4, Ao Jpaally Ul gracd 5 piall Lagaidsd dpuadlly Gl §Ladl
.(Steve Weinberg § iy ciiiw ua) 531 gl

23n (5 (X5 Cppm D a0 (se iy g oumelS Jai slad lia

Lo g cdaid udalins Jia aladtinls ¥ ciglagall 2ad1 <o jay o5k 55l

Aahugall 22l ol eyl Lo Jen Lee Lol oS Slia pasiud Liaf

O A el b1 G 5L el gl sl e Leglsd a
206



Al S Ain il (o AN s (smma 5 ol o e S T sgla 13
by Ay (Aulaling 5eS) dpaly ) GBal Hasiuly (lauall ALS
Ol 3 Sl iy bl Jeadl 500 ANy AasY1 Gl yad
o Al el Ll Aad Usoel 1Y ideall dals A b Gl &
A A Sl ol ol gl badha ) Apulu) Al 5 Al
P Amde B dal Ge lgle gl & ) A 8 e
83 o sy el A e e 1800 — O cdaa i
claill il Ghil e Jin AN Slamall oda LG g vl
L Lolkal Alla 5! e LS el Cuady )3 Cad caa gl
Clagad ied 78 40y dun Al (pmas Cipm Y 8Y
alig usl) Al E.LJ La.L).u >4 S a5 «Corpuscules 3 i
(s leSU Aldlal))
oo V) S aakin ¥ L iy sy ada b ol e oS0
hall casgall dasgal (po iy ST 1 bl ALeSH el gl
o s SN e aT o e 508 <l S 1Y (55 o ianall
Aad e 5 . Adeall salall Al Sy Ll A3 sadia il 3 1)
ol Balall (e b e Clapus (i (Sl Gl ge G Aaggal
oo ki A0S ol b tgmag Jelad ool Gma lumy ASladl
ool i SN 4 el 53 Lndges gy 8 4oy Slig Y
a i 5,8 Jaly Jii iy S0 grsena b o5 WS 50 L o )
Al eS dnd (A0 Aalie ¥ Loa LGS eda Jead .2aaa

ASTTT0X 1.62 (oa O s el 53 AES 5 (2S P10 x 9.109 oo g Sy ABS
207



e Lelaly B (5 ga0 LS op seaall A0 5eSH bl e S Aun e
Ll,eS) Ol Aapb o adly ) Al il SN (e deles
e Jde A Al ABKH andy daae  palad daalg 30 ABS Glaa
il g S ae RSN 038 s (Say S oSy 1710 X 6.02 5 0l il
@3 3aalg 50 o S 8 Osma s 205y ol PAGAD e dal bl

Ll g ST Yl

4ddl) cldslaal aqlss

3 ) slgall Jsind) aa V) Baall (S8 Yy gl sl OIS
Ghliae § )l deala b 35 (oatiy, 338 alely cak)
Iy o gl Adagdl Yl e aan e (o) Al
Gus gheal asal dais S8 3 Aalay) 4okl asliy cla sl
Clase lia S )l o3 LS Y Lad Sty 15 2l 0528
aday ol 5 . adlsS Jans Aallie 2L anilay 85 oY) e Glhan
Jae Jaly dgsal olef sl asla) e Uil oay Jakia
"L ague Jd o 1388 Jiasd gt dagl Al dilal
Addle dpa i e daal g anlial sllie delad)

leiss ally ol (5as Al aasl 2esY) o3 1Y o L
L) Bia 4 58 4y L oS0 celld iy ¥ Galigy IS Sallael
Ale L Uiy o) S0y et 3all olauan sag cdin gl s J LTS
JS o aa g cclaall Caelimyy Jled O dem s LSy 1
sl ane dadl €l LALES) e BiaTs Gulie el

208



o Bl s gay Hd 1y . Ga e gl (ilage (A Ddagal
GLESY! 13a (Ll 8 Jsenall ey 52 X) X el (AxdY) oda
X dadl dapds o 00 1902 ale oLl 8 Jigis e Jsf by ddea
G Y o oSl Jleel Juair e e du Y Gy Al
Ulass 5,2be JBF (1895 lo 3 (38a3 (53 (adisy ALES) i sue
dacliad (Y1 e o) ganal agY cqabally LY v (gl 8 (s
S b gy A o)) il LIS Ay Sl
soaall odn agdgumd il Al ol sl e Laad oS0y b _ptlaa
Saaall

S Lyl ety lins) B a8l sl e
olS el 2V f o 08 B (pmaesis G (e S o ey
Laf aa 5 e A9 58 eom Sl 5 by clasn (e 43 5%4
s 58 G GdS Clawa Head Koy ¥ 4 Y zlsd
giia {85 o) gl Aagelal
il AdBjaa o guala gaa) G

il sl Caanall b oyl Sl el 13 8 S gy oS
Iaa cu ) bl A b e yuda 46 jeay OIS . gusi il apial
DL Wb Wbos o8 (el Cuvier 4usS gL o
danas o alal LG el Ay Cuaal leabiaial il e

e -

Ciaiall Al L gl laa 8 Al gall ol S0 o juiand (pn Jeng paiall IS
blall das e AYY Gkl e Buffon (siw iju‘fa@.ukﬂ ksl
— 1976 (a5 il b lldy ¢ grain b ub Analad LY ey IS 4l aa coda
o2 siall 1978

209



Wil (e b gl Gy Lol ) o gun Janaly plusa) any
A la san) b oaliny VX Al Sl e gl ias e ey
andl e ki § jie sl e b e e o6 2291 030 oS3
sy o o) Andl o Qe oSh L ke it il s Al
e Uil (et L3 1Say "0 S Alile aliaial (il 5 sl
s S Aanals Aigyee ol A el apilal s
cle (fi Al 2 i Aadie e cin ) s Ly A dlgang e
pn g gy Ladic LAl e 6 gl Aagiuall il Aadl jaal gl sl
oo ek auall S8 i A8 sl Asgbaally sl sl O
oda . GS) AalY a3l Ay o Sw Wl W e LAaiial)
S mal gy Al el o guadl dadl Sl Al el
RPN

b b okl (IS (1896 ale (e bl Algs b @l gy
Gy s Gl Cigan cKadll e ey ek Y Guadlld o guy
ATy Al A | ke pil ol Sl ga lSial, A8 2 gl 4ta )
da gy ey il 8 Ade gl dagll b iLiasie LY
O s A2 gisdll dagl) e RBIL sails (a8 ol
Oe Auds den e b Om - 3T el Wl I el ud eV
O30 ull (B el Rpanlsl e aliS) Sy e w8l e
Sad) Llii .Radioactivité 4l (o€l 2l .l iy
e I

o 0 Gy IS Lo ke GLES) o b Jigi 5 is 4l de ol
210



6 IS — (AN (Bl

o 9 e ph Ol S8 oy S GLEST (e CB N (e B 2y
Joad f Sl gl daaall Andell adls e g,
ol IS5 oSy gl Lealng) Al Ay jall 5 jallall Aapls Calishul
Agiaa ol sSal Aa gyl ¢ g

ol len (LileS Luliia U8 (e giam 8 )5S L IS
cilelad] jual duddl sl o ol ae 4l b LAl Sl il
oy Ll seS Aigade Cleladl & 1Y (Sl Gladl e
(o Andal dsal Blin bl )OS 8 Sl (ulgal
o o ala e (gobes m) oSS e oslaills LS G e Sy
Y AT ey kil Jiall Libin g3y Ladany 13 cilelaly)
L .S dpbun J8 5 al Ulaly laal g 5e81 o6& Gl ¢ uunty
ADRY i H8) i diie S laa adaw

8L sT) ol o 5,8 Jaw S das ey celie (S
Lhas Ll pstl sl cn 2aly ol (heS Gubiial 8 330 pal
.i.\;\j LA\_)G)I:}S Ay Saa A Fose alg ole bl 5
oo Wil 6 (A0S R snedd g sl aslad o laials
A3 e s el saed T ouialdl o gl Sl a sl ol

B P EUE PRV P PRIOW [0S PR SERIN LIk SUPPY PRLIGS I
coelaty) BLal e S 508 oo S e 1903 le 0 se i
Ll Al ae (psd 3 o) psssladls amdd ) QLS e 1911 He b
Aoy e Cng 3 o s L Cumily A b Ausiaiey cdual Asigles

a2 Al (5 A i 5 S lae (U BBy lea
23 sl Ganl bae (s bl 33y gl (g siime (98 iy
pa il Ly gyl ¢gpall lidl

211



il ] 153850 Ty S (5l 1350 5 lagd (S Y ol 1l
Gt " all' (e g 5i Lo sh0S) A Baall 5 el o 5 DS gl o slsiy
Ofsme gobes o 0fsls B o S LS Ll el
NUTLERY

aly cputn Sy (Gmall 5 3 (58 Cipms (58 (b S
8 Aade 580 Jge g 4 ol Wz sl oSy
JJ,ML*J;;A& 5 (S e At e 13a 5 )5
pil peaial Ak g Al jealiadl Jie Y Cingy ol s Licas
& cassiglsd) Gady Ligly Y ol aal ccatiSal Jaug) JY)
daldy (sl a3 U deidl J3ad g Sha
eloa 0o Lag (g 53 Lhddl S0 e lagiling ADA 5k
(led) 2sain ) Amdiall o gall ilelas)

Clals e B lalle (8550 o8 capual S Ol 4 1y pusd
e g B Joachlmsthal Jliiiasd) g ?;.m o ADY) o eul ) oal
o5 A Jie g Gagea G siaall O elial e 5yt
A jde Logd paly diniag (oA g guall Madia o gal lld JSy 3 S
osed PlA o u B el dudd s comb Abaal elaSlly el 5l
BECTS PYRTOND FUP IR Nt PO TTIPDV VIR CRTRT. =
¢ odaall Jal &) pall g Wy Cypslly el S5 )i s
& O Sy s &wﬁ&@‘ mlaajl_);@cmudﬁlj
a padls By luay lite Ll cag) | ualie gl 13

D58 ) G ) e gl ) e

wasa (HCI ¢l _)JSS uaea (H;SO; <y Sl Laea (HF slall Hgld aea *
-H,NO; C-!)_).Y‘

212



A o i sma st gn Jaadl Tagg zasmelS Y 255850 o8
dadl rely il 4is G Cupal) il Alady (L ClSH L Agulaiaall
aall 48] ) 3a g it g daly dol L Ae el (2l S (S)
oSl cigblingl e duaal g Tnal cliLESY) a4l iy L4l
Ladl by ols S dads ¥ 3 pad game s ail Jriy of iy
I zoomlS daada ale bl Aly e ALGE e gme G 4daad]
o o aokiy Cisw e Ui b MC. gill i olle daala
On A8 Y ldial ey ¥ Gl (e dlad ¢Bing o5 e ladY)
Lo dalgdl cliliassyl J8 o 18 Jaill oSar daula daaluae (uill
SUS @by shua i B JleY el b eldYl gl
i Glaabuey Jlel Wy L usaYl sYLY o gl e e psea
iraay Cung AT Jleel ae AL Ledld 35585305 5 sS gl
@ s G O ) Gy Ulal el oo sl s
V5 gl 5 ¢ el aany Uil g ol i e
08 DBl Dy AlesSl ualiall (and A 5 el deladyl
o3 (e (Ada Al (i) Aol Llla ) ALl ek
) aliall aay (*Transmutation Was JB&) Jeas 4 3 el
25 2,800 o Cuny L A a5 Sl o3 il L5 Al sl
1523 ally el (i dlle dmals b Al UGB Wy of U
oSy g sSanmm bl S . Alchimie 33gall |3 138 4udp
oyl S Linals S Liay 535ml)) G e b Lelalyl

GH A AN Bl s DA e Al seaie I JLeS) eaiel Jsas
a3 il Aty 5 alkl
213



b A% cJulid (8 Lelad] Y gl Alead QY 1S cLas o
Gl e 5 el sl ol g panigladl Lot AN ¢ pualiall (e Al
bl e Al 1Y aa g 13y 000 g aslsdl Glls
(S ke gmaally LS 2 dail

Ol b duki oml )l sl addl ualiall 8 guma
s2 9 «Lois exponentielle négative jiuall ailll oilss iy yrall
o iy a3l Baaly 3 Jeais ol LA ae s Llas das 58
Loadl f JheSl JS21 S Lege elldy cdaal idl A s
oSS w duii il b gl 1 g Aedd) 500 Al
e bl mand soallall oaa o (bl Al s Cai)s
Gl Jelall e JSa Lty Aa gl Slee) udiy siaal
el DI . Aalal Apalal

Y eclaally N ol (e aall lied b ol Jagl o
Aia Al e chel A 6 el Glelad) dapk yaas
Jsal [A] 2idad e Aludun Gguad ddeall Y cApelad) Alulu (o Cyna
&) D] A pal A ([C] hans Jsaly oy 13 ¢[B]al
Bl ay X Andl Al ol (e Andl G o il s2a Dl
Y daiall e osodadll e oy oy dndl lgpaning @l gAY
oo sk AV Llilhyu Gl By e auad s
— (Baadl) cilis SN e il Llal — Lol jeS Tsaide Clasen
(odnd] cclig) Y Al Aufiall apled 3 A cdunse Ulal s
Alig) 5 cdalall 50 pall a0y (B gole JhaS paie g a gl
oy B Sl e Al e

214



o3 dgaal S alell adiadl i el e I g ey
Al A Add asad e digh o)l culs S ciliLisy)
ol 4y G Guadall s2aeY) Y0 0 3ad (g3 &0 Jeals il
il Jsaoy edisi 83 et oA po Ailide uade il Sl el
L (510 e ol elul) Al b Ladad cilianlSY) Gilina )
@il o 3ms 1906 Shass 16 i ¢ omst i) (3l o limans ol 1S
T o i 538 558 a8 s Caadem o lall sl & (1)
A Opuaed g Can pae 08 Qi S (355 O 2my L 350

dan Adaame il Gl 2 bamy oS gl Cuiy
O 3aadly Jlaall g0 G 31 pe ol o Liladly
1g) A1 4008 Ly s | pagh SISV cppsn sl il Dl
e s 1385 p ol LA aetae gl Jee day Sl (e Jaad)
cJagi 3 e sdea Lean gy Cnod AU sl dlipy 6 cla yea
3,30 353 caliag)

OSy A B oale S a0 G} oS 1910 Gl
i3l 1363 3580 e I Y oSy« medile b 136 L
Al e paie o Papdl @ dad axiils dedad clelb
Al dimpde agdy (S 6558 (5ole ABIE (A ool sl (A lady)
488 ) Apame Ciladea Cadilods @ Al aladiud 5 S8 a%la Laailiad
pstall) (e laa 488 dagin G 13Sa s L (pssa¥ly ) () faa
Bl of aa g (L) Joany La il s pssislgdl (o Rimiall o il S
dc guae baladl Ja tdeludd o eVl Andia afiue Jady Jlad el
350 5 il il e Jle o ae psiaalY) daiia Jlal ledanys 1) 8 0

215



e Jemad 4sail el Sapnal) daia e Lala sy g4l
oo il g sind apnall daia of pal Ba Le U
i o say leie 55 asld g o daod B day AR gy
Ll psaled (553 G ya pabind Lo liels T e Al e A gade
0 Al daw eVl 3l G eVlaaY) Gl Guki lilay
la g Jas b ke Alaall g sl oda o Biaipe 35 5l by b il
23 Jsas A 585 oo lan AL Llal) o3 Aaulal duim il flia
S slad can o 1388 5 Ll A5 gatiall i ST o oy (550l
O i dsas Head Gosdall Ge ol LOswest Al
o AL RS S AN e gl L il aLd 8 il Sy
51,30
Byt 3 adiney Jgle (5 e sl 3580 a1
A0 Al Liaf 58 15 jiama Apsad Alas (g S Lelsn
SN any 550 G gl Al L @l (3 g sumgall (Ao LadB
eadl 5,3 ael ails olld oa€ly Lcleladl ) Glama juaiy aha
65 Cradan Lo 1308 (W 3l el Ll 1s Al 38 dade 3 galidd
Glapall 038 (5 g3 Ll 1368 cCilasn Cjaal g & A any
Y a5 5650 (.m La sdie (L oo gy o 5 ey
g8 a8 3 oLl Ay Al sada Ak Lad S oLl ae
I lpa gy ol e LAl Ba¥y WSy clapny
b ) all 8 Aalndl elsel SRl dg okl e oda . sl
Sl 53 S b LS Glapaad) Cle e 8 Raddiusall Al sl a5
216



g sl 4 g Japw (358 ae a8 CERN Ayl &igaddl
t¢ gl Ao ju e Ay B Gle pu ShseS Jial dad Jiady Glapal
Aa g oa] Gl saldl s S 4

Uiy adedti ¥ 23 80 (pa Ao g

s S (b s Ll ca sl 48 A0 5 jaliall 238 aal i Laxie
aaslary adlecl Cimaw 3ile Gnoae B o Caian clLacy)
ety (1890 ol i adsn s cldy (S o) LIS 5a0n al gk ~Lias
Y dle 4,k Al Aagye  al gl sda (f (S5 Al s 3] Aea e
Gkl G led dialll (Sap Y caglall o4 oda Ldale Alla) 43
S oAV g3 Laaal L Jeaill Q8 e JS3 Ui se Legd Akl
Al g 5m o Oty el Gl ey aslell Lin Legd 4l Gany
el S (L) enaed S an) Glld agd 3 (I s e ey
Caly (Sl e ofey 1 ale agdial dgalse B Gopdall o 8N Ay
pnai] Clasnd) e dually Cila gall 48 Cina g dgdia 1S5 Auad)
() Al g g SKIYY) alligda oo b gl o e L i
soallaS (Lala JS4 (el Gy el Ciaed e ladY) 5 jalh
OuilAl e JAN 8 o SIS 08 el Aaale (S gl
Lial 3 jelad oS caf Lo el e Jeal) cpliaie L | gaial
LS feluliia JS 3 CLESY) 23 (e S dayy (S CiS € ol
1368 i aiat ¥ ase i) (e RSy adles IS 5 ISHg0 (5 i J
el il ¢y pins agd tAni 138 L) Jas Logy ol 3l i
el 433 3y adedl) O il agd ol alee sas g QS
ALES) Wle o cdaw

217



Apbalindl s oLl baay laay 3 gl iy ud oS
O Ay A e sl &gl Ak ae dpualinad Sl pan o guSla
g (Ray S Rl ALY Gaae el 2ok (el
CSay S Lo gl Ji sl 138 0 sn day 1ol Y 5 S suaSlay (s by b
CRad Gkl e elgd pad 3 A alell Adalall Al cllias) Ly
Aase Clea GLB G dallas o) (S S $diguSlag
LS ol ity Bl Lad lSa € 3 bl el 500 daasun
Siasgall 2sY)

) (huaa

S Al dalally e dlia OIS o Ay b ol
I cdall aily e wie SUB Cii gl o el a3 a ) LAkl
Jocaill 133 5 €0 BLESY 5 galad) Jandl (p 380 Jad ) (33 (IS
sl ey 8 G Ll hae dede W oan o
Ayl e ool cllad dakilull 4OlLES) il caladl 3 shand
Sl e @l S 1Y L Gl (Ll oY) digd b leala
O Sl iy habiie Jaldie ¢ o8 JS O (SoalS 25K Gss liva
Agladll g pliall e L3S

ol Cpanlal opBiad e Jow Alaje JS 3 1
kel Gl liada o glially Laga i Gl o Al san
LS ClBLESY! ady Lad dadias S0 adl gl . punlall o pum el
1a . dai el Jee g Lalod GLESI 6 Ulal L i€l Gady Log
050 pan i A ladY) Ga A Y As all Al Jd) e S L

218



s o5 soul (B oS ol o Jes (adied) (e 3l
26S153 s clary ccnmn oalally [yl ol e QB S 3
g dealddl 8 Aealiuall Jai Lol 8 ) geabu o sllE L Aail  AneaY]
g g Lady!

Jati (Lo Ahadiyal leujlats Andaseall Ayl s e 8 (Sl
(sl tagie Lommy W) Jaiad o Al AU Jgiall (e i s
pany ilgial cgyse Ol (eSSl gl 5
| guad b5 — AT Olaml 3 (s (5 ATy Y S elandy)
318 55 0 AT 5 pelauss 28 ol 5203 — ol

D lealy uatty elie) 8L S Gany e (Ll
Gl ol Laadl e Glelu cagmiean (O yrany paadill () gaal
@ (bl e lulid) 353, L b L S Ja
s Loy a9 Gl Db zauelS Gy & ¢ atile (i e
(ke ile pala (gasu Au aba gl e aasladd oy
Oy oy S5 S Sl sl ‘c.s-“"}“ (o 50 7o)
ol 35S elaud LIS« pladl e el

eV 5o b Al clail ey et o 13 ay
O cSay eopiddl Jg s Je «ish ua s Aialy . Sl
Alal aidl ol N R RENP) Lal.\;lj ‘g,.cl.a LJL::» HE T
Aokl S Galall 5 ile dah aa g Y polall o8 “Lu&jﬂ.ﬁuﬁ}n‘)&
pi% sy Ol (el (Gl 38 S s L (S,
(e B 8 il aalie 5 caginadly cagulen Jedy cousdl e
Gshom O30l and ALY ok Ggm gade liay . sl

219



ol lae L sal s ALY gy AV agamnsy bl 3 a1 alay
) O Jatin 1 B o gm sl (ians V) iy ¥ g 130 S
) s s 13K T A e Yae Gl ll3 TS1y " O

Lo W paall ol 3 Jad! ¥ e OIS 25580005
sl Jladl g it lin IS oLt g A AL ales
5yl o3a Ayl (S5 Zaa dla el

5 A iy 5 gual
Al Gl ¢ Juadile (8 48 Hlal) 4y plad (5 a2 580 OIS Lay
Lo jlies 58 e Ly copleisS i lan aal S laila il
4y yhally ) clan diliie L oalls dpnd 3 Jesdy OIS S L34 s
s L Adall aluaY) A eleS Ji il Sy L adins S
leailiad s Llall aluall 45k (o fla oy sSDU Adls)
Al n g sl Sl iy Ll a5 ol a3 il 54
da bl st wils e Ll | ina saaa Ak acl 8 S a g
lall | SIS ) Cladl o 58 1911 ple (b la fima A of S0
A zoonlE b Jasl b 1 lae Lo S dgal ey paast
(i S il | e S 3 (e o 3 el Ay L ignl s
Gmaly dobias Auliall alua¥) 8 450 el ABUIL Sy Sedd (S A
gaoelS e S s s nl) Al Pla e El sl
Ale o egnlasl cp Jaliie ag5 alalas Lo 5580 5 palaa oY
s led s, Skl s maas 3 Ay

S sy o e el el jlailall el Y1 il e gal sl
220



Jss ol a5 53 4ad g Cpuad] dme Jend Giwdile ) e oaall
L allad) eladd JS b3 pualae JS 08 Caay oIS LS (gla LS
Ay el oy ill sl Laa S
g oM Jsn 2y nil zise o Sadile b 58 i
13 5 Ay yla0 ALy o 5 5a3 13 cuny 31 gill 48L3S) ey oef 38 S
Oo sz okl 5588 0,8 3l )y e s OIS el e s
G5 SNy SSa b cuatll Blgi dgn s ¢ a8 < g3 sl
o e ool iy dle A aoaty el s8 ) (SIS
Jsn st oS S LS ol il Jon g i g ST calS 13 Loy 5l
Clall 58 Ly daca Y Apilall U g Gidall g8 8 (el
Cig a1 s G 5558 e dna W1 Apilad o Ly i e
Al goe sliad b gl gumat dpia ) AilalS a1y
— JisuSle alle a5 (g Alle slaaill s SN LA 5 ylaal
B Q5 Lo AilSad o (Y e (V) Ga S5 s mYL
1p3h Lxe olal o Shaw g Gilal jeean o oSy
sland o callall b oladl Sl Gliiagw Legd 3 6 Sill o3a cilasiul
Gl G oSy A Gl 8 b s ¢l sl
TP PRPE ) ST W LU | uuy legd by
P o JED Al atiad 18 138 Alall Cualale L8l jeS G sadia (5 fSTY)
() Gila sa dpuplaling S o go Jaay Ll 138 . S S s

i guSle Lgodh AT il a2 L
pa jial S g 3 gualall
221



Al ellgind o (350 )ll) Clagall 5 ¢ ip LIS g ¢y guSla Lgad 55
3l T A Y Caal ALY e AL pedy Cagn gl (5 S
ol o ADL ol 13ay Agdall 58 e LG LS Al e
dsa Os8l sy un Cpagoum 550 (8 dadladl 585 450 S
B8 300 jeS) 5 8l SLaial 110 x 2.3 o (s

Os AN adatons .8 i 8153l Qo g sal Ao s (31 530
st OS o s e a1 i 35 e iyl gl S0 Lig s Tl
Ay alally e

&80 oS (@8 s 8l A ke Aaad slall a5 Sl sy L
ol aill Aalad) ol gAY A o 3,40 gl aSad Al Y
Oy oled L hall (B oliia ¥ g Lal kil dalla duald (il g8 Lgislg
OS ped ) Jem il (S Y af Lol (IS el claall (e 5l s
daelad] (s g g aSl X Axdl) WS m culS Al el skl b
sl e oAl e A OIS Ay ((Glaman — diage Al
o 1525 8l e 5 5m S e oK1y Bana 2l Aeba y il
On ms dary 1913 ple b Ve SO0 iy e s Hlas alal) el
A U8 G il aall Sleled) Jea DL Jee g A A8 a
Cigdll Clua' g st pSessSd pdad e Al
eotleS sl S el i o il 8 OIS Jae 4d ol S

ol 8 el pasiad ase Ay el e el a g Sk
JLG ki) el llal ASY) Gy lele Baa oSy dpalall ol )
alall e anll) @l e Jin g gy s s WS L (oske 9
0o Y 0585 o cSar Y L Lpatliad e o(AalS) Aaal cigalday)
BasS cijadl of JE& &) 32l daeY) clielias

222



Clage Glig S jaan ¥ ladl o e quantifiées
O e i) mny Agal Jlein) dals 5 el Juaky Ahlind 58
Loaie ) ellgind Y a8l L Lgaliaiad s 7SN st A0l dalall
b by Al ol 3 e AT e () e e o S Jiy
Sy 2 e guall Joal ga 138 Lo gl e cleled) ol Al oda
(Al e el a3 a g (L sk e dia e

O Gl Aal 3aaas Aafty ((Oslell) A ge sk 4l ¢ guall 138
saxa A ga Gfedl il Loy gl Gl L JEY) (s A sl
e S8 ol e g — G S Lalall auall cleled) 8 Dy
o Jaad G 5,88 Caela Llas g Legleas — 5391 ce Laalaa)
e guall Al (o Asdad) ala¥l e e gl Clagy DL Al 0 e
GLY! Al 0 culSy L p e She S daa S5 Bl (g
e L @joal 8 o sdsdl ol gall Gl gl e gual)
G0 S Adlad L el o) intil s Sles Jad i
- 34 5all

el pualiall e GG Jidat ¢Glead a Juady oSl
IS Al Gl (Jlhal gaie JS) colig) oS4 Cua il
%l el 38 . CipdS Lo lga o IS 3 el (e lase 5 38
A s G s ¢ el dand Ay gaad) disaal e M LelaaY
Judladl (e Ay B A dualy; Ol il iy ellig o (n Jualdl
@ Andga Jlaxinly uai B jpe oJ g Gisal iyl A
O A b o kgl LY 3 ilingdl paiall ad gl (il

Jaty Ly lemns calay deaagie cdgadl bmea cloms @l 3 guaidl *
ST ARy Sy ) sdigall Jaiy LS 6 guall
223



(\J\ Sl S L:\ (Canal ﬁtkdq‘é)u'aés.uj\upgb)\uw
o O3S i (gl LGSl oLtV gyl e puall Ciland) ae G 5
e deany A8l Cillay o Jef aslla AT ) diadiie d8la g3 e
(ske €10 JS3) ¢ gl aluaialy 23kl 238

Lol Gl A w ) Cus ow = hy DL ADle Caxosa
DL Cul h e gl de e oo H @l Gglia v e pall g Jsh
Ay oo jad 23 Aalaiadl el el Ll bl Clus (S
LS " gala clgund' 4 de jsay Badae L@l o580 Al Gl
Al Y U8 e Ll

Ot il 2l IS 8 oyl 8 Al e aad I cnd ja g (S
GLkY) o udaladl Jiall 580 sua gl 28 lay ) dand 5 il g
g On O el Al AT Ll s a s seall (e Liasial
Sl Al Jsa AloeS Jia Gl tie Ui siats culS 5 allal o
Gy o Jsn sy g G ob STl alskll s g
g Lwbline o UlseS s Ulea 13 Lsdaline Sia 13 o ks
Glaall 33 Al ALY Gl sie (ubiie s Lls (Aleall o3 e
u:\,\.al.a‘).mﬂc_e\ )A)Ju\uu\bebc;u_);.ﬁbﬂ‘)hﬂluucuuhﬂ\j
Gkl e o Gl Lo cdlld aa ol gud a3 -‘-\A.))AJM.\MLU_)N
LBl 2y IS 3 plaa

o sl g 5,30y GRSY Jad il 8 aslll oS ey JS o Lk
400 jeS Al ((Anad) 4 s A8l A0 ) AdUall Jin seLial) aiad
e ) il g SY Jeas 280 o3 (el - Licas)
il s yrme ol 4 gdla Gl sie ) Sl nSIYY paa Ji 5 .5l

224



it G ill Lat L gl g Ruali g Apnaglalind 368 s ga JS
delis liel 8l Laihae ¢85 o s Gl a3 AUl il e
Iy eadi i 5 pall da gy Jaad o(Dtia s2usl) 5 el L3l e
Gl ana (o 5 a1 o2 i (Liad iy JSYI ) i Aadla oo
e sl e B B jan g o guall Aalie o5 AT ) Al
dajaial) 48Uk

olies £ 58 Al 8 LA (5 e o 4 Laf g
OA3 Y Qb 3 G (Al Sla jaS) Jdy Saaae Gl e e
2 oal) Fp Gl Gl i Gean 1914 Hle B AL 4 50
U3 A jad Jundy 5 Sl o3 acal | yalia Ul Loy Gogur (s
(g pY) sy Giad Ol dga e § he i gl b oaay
Gy 1) Gmge (98 Gl g ogage bl AY) Gl iy
L Ol s pe A gn ge Aahia aa 5 Sl Cald L (@liy ST
o Ot sl b LS daiaall b1 i dl) i Lae
ani Jall aulh G531l slaad) o soaad Jad oY) o3
18 Jiay ladie 5 clalll 5 llall G G eaSll (38 153 ) &b dsduall 3
JalS iy B30 13 - i) el ofs (il 4.9 ) Gl
faw Sl b «clilsd 4.9 e Jeb b paau 13 el g Sy 2s,
L YL B e

L Y Gl iy iy SN o Jalal o lam ol g
S de g b0 Al of e A ga @l o) L3oase A Jaf e V)

1996 «(s m eom b 68 Sl Ayalal) oo jlaill Uiy ) e il |
225



oSar Laf Ul 0 il 1Y e gie 5 sime 090 caludl cila
clgmbiia 350 JS1 calally (Sl B Slall anad)l sl Jie clguld
L ey (53 ol 5a 1385 clgr Aalall Al Leililua clgila

Lleia JSI 3 Saae Lo AL A5 guall LYY (B

sl A 335l
(il iy e L 2 gm0 580 5 AW sl
gl Ciulvie (5 fan el e s ASLaSH ealia
138 48 .2 lstiall Waaiadl b (5530 Jgon b <1858 ole 8 AL
AfaSl ualind i) (el (il 50 Cilliadle e Cagial
5 e aldl o e e dliad Cipyme 43 Ll &
st CulSy Aailad lgaph 28 Al iy e (JSleS paic
shel oag oSl IV deadll 8 lalwdSiad 2 Lol gan 5 S
L oSYY Guaal 13¢d obe Taseans
2] 4650 LS il iy S a3e p LS | jeaic e L
asledl 30 L1=Z by Sl se W gy 30 (8 1Xa
hs akii Al 327 clig ASY A0 pailll 533 227 g )
255 Al Rl Gl e e gi gl Jon lame cilig S 038
o 13 el Sl gl )l ad o3 U Giliad pumas lele
s s e 8 e 32y Q=0 (l=n thaase LIS (n) M4
(g S 2 g el ol b closll WiSey S by SSY e
G s 3=m dal ey (lip L) Sl g 2en Al ey
00 -2 1aal 038 (pe Baine Clalenal (e 435S0 50 JS .Uy iSI e
o Al eabiall (55 Casioatll - 3 28 ¢ Jaalidl 3 Jpa

226



Oo i (g Qe G & et ol o Caudvia Ly
Joady o Jlapall CBlaa 8 I (s luige (g5 3500 ) Dl
At o o (e paie K e Dl X dadl Gkl A
O oAl dea e iy WS ([Z] 2ad aaaty mans dualll (a3
sl gt Al 2000 (S8 Chliia Lgdinn 35 jualia) ians

e o0 Al &l pnell paad ael @ e S8 e L
Y A8 Ay augy s umall Uil luge ol iy S
G Lglila s ad) on Al clilud) gl (PGS aie JS
if gl GBS Gy Al o3a Aadly (53e By o gl Lleleas
O Al b LAY B daaly el ualiall Ry dicd
o ua Uhela e G el bl ookl Glual)
dpnal Ly ol s 3 e Aokl s ol ol 1aa L Uasd)
3y eSl e 5 alE 1388 duadl) cand iyl X5 A

On sbasly g ol On CASH Ll e g Gia (Y i
G A Gl agall cangd Lo f3ay gl <A el
Cise 1Kay A gl GLIYT 45,85 Lo Aaade e |lie) Lol
A1 g L o(Rdpal GLIY A ) Akl cbas)
sac Luey L g L) a5 A peandl Lo Llaa cmd 4 Sl
v iy a1 Tl €1y ccalias 3kl L Caldal) Al
by ja g @

05 Gl Y Laf (1913 e 5 el) 448 5 «_p g 4al
30 alla Y ggi}wmr_ e Ll g Banl g 8l g0 (pe ha ud caandl gt
O siels ol Jen oS clig SN Aa gup (@ A W
(il g FEN G AS Ll 038 Juis 3 gy e, e il o Bl Y1

227



oY Aaalual a A oda (Sl el Leil 385 38 e
Byl Clygie laf La o p g am Ayl el saley 3oy Lap
Wia g cleish G0 DU GayS of (S liind o olely s
(oS0 Sl skt sels e V) Lgiad JalS 355 ) gLy g
1930 ale a3 4

(i o< lilSual) gad

& piatiy au gy UG Cagu Jp g IS 8 g yme g WS
leie (@3 (o (Al o<l Chilaall cana dlilSie Hgeh ady X
‘;Bﬂ\ ul‘\ JL"“:.“'“ 6?...&1.:[4]‘ 3_)5.'1 cz\,)S\_)Jy‘ BJ}:.“ o3 had .B)&L_\A
VLAY L dde ey Caua g allaniad ccﬁ‘)ﬂ ‘;.43;.“ Caad S e
Ghse Ayra duds Cigl 8 S VoAl e S S Cigu 18a g
gy 3l 5alal sy ol OS (f L s LS B3 Ao s
&J.u)*.\ Incertitude 48 ¢ ga>A e B X SAY

s ol Jasa Wlle Jas oyl dlalSoal g o jlaialy
— 1925 sl Msa Adia dpaly) e o 4S5 Ly
s sanadl Bia 508 Llel aa gland il slile (ga (yimats <1930
fisailss ALY (g gl f i iy SV ain sl Gag
G aly el agaeny ol s zasulS e s RS ¢
Codl S88 e pe gl AS el — as Sl B e i
Agild any daale o5 Al daloda oK1y . il

Zhaald b (81 g oSl i) SllSal maead) U BaaY a8 cplasd ST
Y iy el Jsil 4 dand gy o a0 A Ly 5 (45 08Y) dpailic
cp 3l candy

228



Aalal il giusa

Bl il s Ripja JSIs 550 O el Y S Saal oY
I Gl s aads gl "auagd o i Y adid
lens 0 Aleaiia alu s (i o Gl LS Y ed ol S
b 8 Y) sl adin Y clig Sy A2l ddy il
] s e V) st of aoking Y Ldal o LS el sl
03 AV difilind il jlans oy il i lamy 550 i ga 1 cgly
Oe dde Gagsie glae A Sl slsll Joa Hsus B85 50 g 30 Sy
A gamall 281 il s

mamamwﬁf&;@m‘ﬂahﬁ&l\ b glae
Y1 dead ¥ dasn Jyf L3 O A G s e Ll SN
il g S0 A Ulen) sy 10 ielin 1 (5 finsall ¢y 5S)
Sy 43 Talull 138 o gy of o iy oSar S &) (6 + 2)
50 0K AT Y (Ll AU Tasal s I Uiise sl
D Al e 8 Y 5 sl e slas Bl il e (Y 5 i
Gla ) Al Clgine o gles ssina JAT G4 g (Kl e LA
Kl i ad Gl sl ed (LS A2 (Al e s Al
O (el 5 s Agans) gale IS8 Ay Al 5 e o5 SN
s iy @l Jaf (ge wpa addally € saa (5 i ) JUEDU o ol
L) Cang (K05 AT Y (5 e (pm il ainy S) AAISH 8L
Bl Wi & 056 o cany el bt i 3 & o )
Bl gl sS dgas Lo 135 (Ougiaall G sl (5l A sl
a i ae o dadl gl dcajaal g SN s3a Ja oS1 .kl

229



Cligine GY cJish gl Ll pul Ky caas i sall Slede Ao
13 581 algh cilip SN 5 _fadl il gindll b Gl (g sail
195 o(oan oy i) oSll ALE Bl @l giane o s of Jglatin
Bl 058 o cang Ay gy Letic L aaa (e fsdle (S ) 3 gaia
2oa% 3 S o2 AT I dle (5 simse o 0055 o ghs A3 g
Ul Lol Ty glose ¢15sms (sl) 4Gnsm gl o 3m Janals Dlia cdills

B3 G g3l ¢ guall An ge

S

BUSSEUR [ PRV AT K PR Ugle Laud LY 4K &b
oda 2l g lalBl oay adll Jua)l Akl g L.u}a.a Lu;m.‘ Jpaty
Aaliliod 3 LS LS alall — ¢ guall cil®lad ale slasiad e il
s b 1Y sad cpmae b s sne o gl Uy ) o (gl
Vil 6 o A (s e sat LK § Sl Galas e e
G G Ll g el sl cdinge sk o e 530 13 gl
epall 1 ey L fadl 5l s pasaall (g el o ddlll
Do g 4y S Lo U L | ghan Limy a3 el 5 5SDU
oda (5 S clacl 45 pall ddlall . jdhudll 4l (5 fuue B 22a
SaaY e faa Ll gl Y il o gl of Cuny daa Aigas 1SN
Sy (ALES) J8 A gpode X bald axdg U) (a el
Laf 8 ey Ciges SV ol e (5 e (s siane o 4o i
¢ ledllS (Ansall lpni JshU clguii palladll Speal <o suall
2o A ey Jen plad Ll S 1Y (3.8 JSE k) Ll
| 5 sl Lz 38 ()5 13 138 o yr 28 ¢ lah

230



w209 9 ylg plads

WNMW‘Q’QWNWWW

"J‘J CLI—J

’_—‘
-

3.8 Js
w2 A aay) fase (2
P gl gl g 2D sy (b

A el A (e Al (ST 630 g i Y W Y il
Ala by gine (B B2 g g0 clagen Leie Cilig SSIYI (655 Lganen 4 A
Ml Cigu 530 JS ¢ ST Cag 3oallall s Allall oda 8 LAlle
WJsadl b o gall (he b_ypiaa BaS (3o WA 4w Cilgl i lag g

231



U el o3a Sz g Al die g guall (e S A (Biad Cisu
oladll o dgage LelSy candd Hohally Figh Cagu clgudi pailiasll Ll
A gay 2k (uilate Sgua g lad ) 0 sa 14 LAl

S5 gt bial Dase i A s e Y D a4 e
gb,aumslcsm,ad\abmQ,asﬂsimsg*_au,):&\jf\;bﬁd\
AN N Gra a1 g Ll Adaad ) lede cGY g A aa
lu)..ULuLsL L (e ol UYJQAQJLG‘\SLLLEW‘;‘GJPJA‘
) Hadiid e AY Ay ) Jsasl L) A Glsae e
Opaleall o i B JhulS 3l 4siS) A gl poall slasal
s

oo el Al gy iy sy I adl i oel
b i L (aDle g 1) Al Wy dy U sl
6 fuma e Ll o & Ol (5 sl G el iy Y
138 5 AT o gumy Leelia] ol i Slsha (A5 gt yall 3L
oot (Aol S U gl L sadl sl e Jgeanll
Gl 385 aladl hulS e 8 dduae Al e 3 g gl
Y s adl a_\ﬁx’us\, OIS Jisi 8 s s ol Lavie . A gl
53ila Sl mile . 0 Giliang) e adiind oSF ) bl Jlec
Al e Ot amy o s

R



9
ws‘ﬁ_ﬁ:‘}f

pll GulaY) Canad el sl of LS Ve 8 < e sae &)y S

() DA Aeliad malial 5 2 e 58 GSall e g Cgalal
Sy gVl ol e o g iy Apuiay Y iy sua
Ly Japay (2l alledl sl o i crand CuilS oy il 4d paa o8 ¢ Jaally
el gl 3 eal Ll g gl  fSlE ASH Ul sy ad i U} (para
PSR Y. [ VNG R 3 PPN [ WU - X0 R BO%

s et asgia oo gl b ashll L seial 13 L S <1950
el i s Sl o g ol i Lagd o ofin Y kil
Oy A D Lalaa) e Vaam of (S A8l AWK o g s
S sl G aas o oSar (A SSY) Aol a e gl e
Voah IS oS0 gl @l pey Gl Guadl lead y anlis
Glhadle dluas daae Galn Sy e dpaly) Clisady
Y LY g psall lgie mad o La i ez gl i
ol Lo Lol Lo 1Y Biady & G pag 4l SUUSYY Doadl (e Dsaal

Al ilS L b iy caladl s ClS gl S ol je
233



el Gkl 8 Sgh @i il sl a1 Bl Lt dna

daa 4 )5 0 Gy LSl

Ghomal)

Dyl dpad 580 (1en Lnf) JUe ve Al 3
wlodd B oy e b Y Ao L e el ko asasdl
(Oiny 1S (U () b cpmadl B8 3 a8 58 dlagee
Al e Al 56855 S 8 A Sl Tase cana add (elly i S
G 2, el b i s S 8 clan Ay e Aiddl SulS 1Y cade
b oAl A tie x5S A Y (s s am) b e
Lo JSS 6580 (Y (1.9 JSal laif) 9l 13 . 3ol dxa (IS 38 5 il
Lavic 5 cdidudl V) Lghma pa 29a0y ditud) do ju ld gl o aay
oSy Al e oS U Lagee G bas b celsgd (e
S i s S0 e (5 e il e T35 50 Ll s

i g 580 e JSE el Ak e Ll | emie L 2
Lo 5 ¢z sam gy Gl aelia s Tl 12 Laia ol 35 3 ISl e
Vi Apalee e Jsilly selll e S gl el
Lodind ¢ 5% L ) il 13 1 oils (o 31 00 5088 Mia | guia Jle
il 08 o Ll g el e Ry Aala; A
o Ll Al gl Ll 8 ledl DA G Y o lael cc
e oS0y Al G Y o e el sa 13 ox ol saclE cailay
Go s Gl 4l Sy aSlae Al galed (e ey Al Glal
S e aa el Aol 275 A8 ja JS g (3l oDl

J.\s_,uo)Sa(J*

234



1.9 Jsé

o Lagas (g Aol A s 923 58 (o 5

ghadd) a5 3 LS 580 Juaa (2

RS Ao of o (B Al Ga g e LS (b
235



O W Jsh Gl el U elad sas de3 sl Lae
Al s 430 Lie callil ) e Y ol Jan ) e )
oM illy (S ate e el sda G Luddl s osS Y
S oad Loy e oS ol Laes b 0S8 lgna pinai il
G bl a1 s Bl e e A el GSAYL 05y
ehacli cinne Amm 0 Ko dns e o gl Ay a (g L i
Kom b o) g LA Héliocentrique (el 4338 ya dg ki
o 3 sl oS S Ol e Gl () @l o gy | shoa 1 ol (0 oS
5 simal Jad Il S Lgmimy S el e Jumdl ASE Jglaa
1633 e o8 Cpagadly e Gn Jaad gl (GEN e
o) A5l illane Lgiesi A ol ol o RS 4 Lo Yia oS
Alali oS

thal) (5 aal (i
LS oS e gupdes G oadl e oS 1950 s
qand o Cigma s (O b pasdl ) (e b Leiias il
o Lo 4 0 lie L35 um oo B 50 b Al
damy Leads 81y e s e st JEa 138 6 15 el Al
b ansn Ll copall alld S Jad) 1aa b osh L0 e e
T ol Ss Lol slad Lo say il de s JEy D

Uiy UDG8) Jaa Vs chas Ao a4 a8l 0
e Lol an g0 Y (V) Ga) Ama pe Ak Apuailly jlse sl 4 Jlaely
Jaaly ) o Ll
s¢d il o Jalal Sall W e(lhae Do ol cdlan Y g ga il Satl
ﬁv)w\ .k)mﬁciﬂmﬁugwdﬁgéﬂ\
236



2y 0SS a8 g Bl ol IS 1Y Lo A yme (Sadd e e o1
DS e el U 5 Sl el leaY) cong of g Uil e
U saidl A 3Y 5 SeSlu Legia (515 $AS a8 g Ul (he gl < Al
cb S dgee g cun cudy (o il Alaa gzl Sl o caay

seln o W oSy Al de e a5k 8 Ll g L 1Y
G dalil ga W Lo WS UK a1 e dai LS i iy
O O e 13 dgale @l Y1 e LS i palall L) LGS
1 b iy ¥ el oS (Jad e ol 8 L sl
e duilaie 38 am o g alad s S sl ce s
8 sall Al S b)) Tasdl a 138 Ss We Gl g2
oaad aela 53

CSlaay Lilig 13 (S Al g Cun o Jally annal () Tl
pen Al sl ol o lila sl S dgglaial
LSy cale bl o e gl Geju (i (Do aen) ALad LY
JSay sam Ll 3 g3 Balaw Aoyt Ladie o) ap a)led Jsb
Ol sall Balandl 038 (ge Afisda Aeda Juy Lexie oSy gl
S Ll 1DIA salu 5a oS p ol IS8 Jeay Y ¢ pual

63554 Ja s

Jala gga §1a0 4 s e gl b SED Gy colil La agdl
L5 Ao sy Ladlan] «alaia cpaladl b ol paads ek i W1 e

o s e a1 B e pom o S8 g Ui s Jal
237



e (o sauct Lagadalis aial iy clan 58 ey (5 AY! e yine
(A oo Laalaa) sty Legi sl (lad o5 ¢ D' A g B
Laalaay dsnil) 48 all Caeay U (Say 438yl e aa 0 Y 4l Loy
old Lol 1Yl (s AV S claalaa) T ol il 5 AN
0o Son U Gl s 8 4l e (aelud (¢ gl e
Ao s e 5l Ao o ok O iy aS e a8 Al 5Lk
Alial ¢ guall

e Cpanal bl Aaagll Y Gl 3 e 6 o8 Y 4T
i s A 5l b e guiall Ao pus g et Cgll 3 (4 yiLlal
i) LS L s JS T gl L st (Y i Y Al
s () (Say o 5 A go o gull of el gl o g 3
il 38 jaie 5 AV ASate e O ) LB
g Y A laels ot Dlal dpuly 38 e Cad LSy ¢ 5

A1 5 A€la Laataa) (Al Alla e LIS dihia L dllad
Tosiu o el 3 san Lagabals Alaad 3 oy Cus ASn Al
sy caolally L alalacaY! Ak (e UYLy 860 dage Ay sl
O om A e b Lesd 2a g RS 5 AL (8 Lo Ci
Vioad LGN L 8 gall o3 glath Cigan Aag ju AS a (B Al 5 Al
Ta) 5o L .o guall dually 8 Jlall Jls & LS 4ndi gl 8
JS g g el s s Dle da g o AL Alls A4 a5l
Cla gall AL 5 a1y o 3,80 a5 anall gl il e
el g (s e pall Al 55 L

238



Sle 2 Y 1Y il ane g Y eelaadl b Al 55

et S oSl s Loy lyaty Lo a) Al aaad o aodais 3l

L) el a0 Sl dplly 3l 4 sloadll 8 S Al L
Bl ga ge e Adlladl A3l Adasall 5 jal 5 e oSl

(i i gl

auii g G AL e e o ses Adgdie 38 hue of LSO
peo hsaill goas Laie il e o 3AL e 4 Ll Lews
i o gl Jrmnsed 5 Al Bl Jled 35T 0 5 e Ll

(gagee Sy lad g AL e s WS e gl e
ie yu _)\439\4.;.}.;3):\5;;‘:43.\9\5) Cafie ged Aiall Cpe s LS U
(o 3l Ao e B S 5 Al)

Gl gl S o guall Lealaiy Al llisall Gl Ll 1Y)
A oia 8 il e s 3 ALD (e Lot Losa Lewdi Lago
Juala o Ailaddl o asbee ol Jall oy sl o sSin 5,88
(o3l e Aaguiie diludl & de sl 13 (a3l e judl opn
038 O ang Al e S AL (e Aulial Ao jull ofd Gy ae g
ol cagl ol Uil o @b e g yAl Baa gl A5kl LAl
o ouliall Gl il e Gulial Auii s Gud 3oL e e
LS el 13 gl Adal ¢ uliall gl ool 53l e
e i ¢t apie 4Ky (il Aad ciasdl SLall b B
ole oo il a3l Qealil Uag 1Y Lanldl a3 2l
Ua A4 ddal e il el dialill (588 oty 3l 3La00
AL 1aaae 3 ,AL 4

239



om sl o akall e sl de ju € LA Aoy Vel
250 13y c ol 3 il Jgaldd e puls cdusdi slai¥) 8 Loy
o sl Ay e el Ao ju Al Gud dpate gl o s bl (o
OSad ol jslat oSl 13 e jglas (Say Y Ao ju (b ¢ gl Aoy
el sl (I el B0 gl
Jobll o8 cla Ysh Guii Lavie 4 Liad Allay cpis o (e
S Jshll e il Laga g cade 050 Lotie el e e (go ol
Alia 5 LS 13 Al W U8 Al e ol aiall Ll e s A
233 il Al (S o (Sa Liad L L Ailaall ality <l oags
; ;

L=Lol-Y il ey 1-Y il Qelall i
c c

o Y e Lo ellh J60 wlaW el e Ay oSl
\)ﬁomwd)aﬂ‘ﬁyu)&umy‘ (l.u)c) L.u)m
2

Sy ¢ 1-X il s cipalall eyl Jal (e e guall Ao ju
c

S ¥ ail gl iiaag e 8 Y o sl LS dlY gy canl ) Llee
\uu}s‘@m\@ploooﬁmwﬁs}wmu;L_s.&l.gJ
Mm‘wﬁﬂllwéﬂ\J\ﬂeMlgjwﬁi\n

3 pS (S5 o pudall e ol AelfpS 100 i g ‘;}u\@u,{@*
Liase Gl 138 1osddl de 1910 Aie e s gl G o Cuss laa
b o Sa Y Al el
240



Gl 1Y Syt iy e SBI AR L ¢(0.99999999999)
L:.u 5 e of W oS i i L VA e sy Gaadaill dag 53
Sk s Jua g dsa
asle 4y il

A e g Gl Ui (fir a3 1aSle &yl aad
W3l &5 A el g5 (sulSie 333 VS ot Lea s
OIS Laill o3 e Cangl) L1887 ale b opadd Ak a e Jd
il st b S 4a sl g;m P IRV I KPR, N RFNO
Sle a3 Jagll Jaay 1Y ey — dage el o 5
Aoy Wil Jses smalSie g8 Gl ol e Agsuall dasal 4350
¢(AL/oS 100000) 4t el s 2 V) A8 a oladl 3 ce sl
‘u\;wu}_\hsn Ja sl Jal e mlcgsja.l\a\.;.m Y
Jalal caaf UaaY Ua . lgais Aluall b 3225 Sals 48 Ul
sy ol gl bd Les Y, dblae L Wy (el L)
LD o el s Cam a0 B o Ay cazanal duus
Ao pu ) a1 ASa ela (e pasae S e lia (S A jlaialy
(ALaY) JS 8 il ¢ guial

sl a5 cmuons "l auly A5 ymal 4 35BN 4
g il Sligigl o el SSY) Jia ) sean lebym ol 4 seaic
W Ll by Sae gide Bl pdiiy (Jsaliy 3 Tiae e A
Ll il 3 sl gl sl (3 (B8/S 299000) o sucall e yus
Lo ¢Sy« e 600 (o 31 adals of LeiSay ¥ (S par V) sadl (e

iBles Linds Usade (Lepton (sin) s 4seaic 5ppea oljal o
i ~0s ASPU

241



Y ali csall e boepa ¥l e e 6000 i e <y L
e leie iy ety Wt L ) gt o Uy o 35
aladl bag ccligall oY Al lus iy gasbal 1 a Y
23 3ba Bae ¢ YU dafi ye linaye of Jliel dlgyas (A 4l
oy Lan by 5ty ST 1Sl Alla 8 Al el e i€
Gk o ) sasll ) ey ¢ fio 9500 dlas ol (f L]
Al G e 9500 adiiy (sl ol er dons (531 A sl Al
G gl (o ! e Bl V) adaly Y 438 ¢ ga daa je ol s
ceidagd g A3 i Canial
3_dlul) dpcnlalisal)

e Al pals (K3 g Y cplaad 3okl Bl o lal
Op Cisnlle addl A asad A3 Jad ) dpugblind) (5 @l i
A3y Laxinn Y1 algs Lagie JS6 ¢ guuglalinall Jialy il 5eSH Jial
eany o 3udie (Sly Al e gad A bkl e e
Al e LU ) dpadalind) alglall ¢ opidd Jua g Al aladiuly
el () il (il Sl oSl & el Al 13Sa s A
Gl il bty ) sie OailoseS GatE Olus lema S S
(CnSld) 8 Al S0 Lalal) ciias 13 A Cadd oa s cdpalaling)
Oo JS) dpally S 05 G el g Ot bl el dpally
Gadie 13 Jasas 3568 L g « AT Lanasl "5 5 g (Sl
OIS ae o' JEN a6 sl Al cliadll (DS
A e kY clalis das HAY) 8 Cads b 5eS

pa il 5 Sl s 5 Slagas (pSIll o Jalall Jadll e Sl 6 loe et
242



CYERY) i o (laY 5 Cogm AileS 8 O il
23 b adalls il S o (Y a5 Gy clinidll 5 el
)L b Y by S o el das 5 pmea Al JE)
LSl el of Lo oSl Agil/asly pelle e A de
O SN Al 5y Al ) ow dawdll o gt ...l
K (Ll eS) nw\ﬁuuwp42_45w14n210@
Ay s 1 .\A;uu}w;(%hu) B A oS o
Al am gl i Womee b Lad L 13 0S8 gl
3aa) g danh e (A Apphliall 5 g8l 5 450 HeSl)
O gay dpilidadl) 48 jal

LS il il 5l s (1946 — 1872) lisaY oIS
Gk e oudlaal ool s Al sl ¢ pdall Gl Ay S
500 o3 e Allad 43y Hhay Lgapen s ldaradi oo (i OS5 gl
b yraa daal SO

e bl Laaal diu cplde s pead ens glee st oSS
CSil) e puall Ao pu (e Ay B Aoy cliadll (550 ol ¢ Slad
Alfe 3350 Ll (a Y e By AV (Aol oda e %80
DY ) A el 30 (gl g D () ol (S ) Als
oa N e s Al 1Y (s s ddee e S by Y
%60 adai 5aY) 138 (Kly ¢ AV 5ase Adaal die Aiw (raed Suu

Ge g oo Ao pudl o2 ClS 8¢5 guall At s o %80 o AS A de i of el
- .. 40x100 g g . . .
a jiall .(m50=—;—)du4ij()md)$y¢u)}\g}3¢ﬂ\

243




wa I Sl (il Lavie 5 Lle (06 Y) 4 die o pee 1S5 Ol
dail oi Tl Al gl LAY e A adie ogee i Leaaal s
(ot 6 od OS o Lay i A gy 403 (S ol Thad e e
b oa M s b oS Sladl SO o Lo o oS oS
Al (sSiu Allad o3a .o sl Ao (3o %80 A 5 jilual
s 5 gl oo DU (oS0 S i Aladl iy oSal
dd oo gl s 5 pay Lt 260 e 650 Ll (0 o
Sia s <

Gkt Y 5 m sall Apseal) L AaSlaal b el @llia T L1 a5
adde 5 3aal s A8 Ao ey Jiy (o e Dle Ala 3 YY) clil] LS
e oG ye BB g iy o Sl SOl e IS Aa il HLal
oY) G s s oS olatVl kil 5 e s cdasaell 3 e g DN
B gomall aag 18 <8

Shil) el — eliadll  dpens Lad Ay adll Jiad Ledie @l agdy
) Blaie U8 158 Cpee sl T V1 Aled B b 2.9 UG
(Star Trek asadl cin el (S Juduadd el S L o (L0
Gl Q) e pa sk of ade IS LS )5 S e g3l
ce puall A &l e

43U g Alig

dbdine Clualyy A e sall dalall O ely ¥ Bhaie aladduly
O Bl Aagill VABSH e el sda dipday ol daglie WSy
Ula A leie el (bl el dully) 48 Alla (3 s ALS

Jiall s JadY) Bl Y o8 IS U e OIS 4Sls il e il o Uas”
244



—lg— > Aiaaa

2.9 J<i

Ay ¥ de ey g Al - a3 dade Lillail gl A8

(A5 3 (g LAY aa el Apuaily)

lad ey o ity of (e il ool dpailly Lewsiii Lovie ¢S

e yu ¢ S m il E Cua E=mc” « el op5ildl cddlall ady

al J ibldia Zilaly AESY o L Y dllad)l 038 pukagi e gl

AT Y Laalaa) Jisad ey Cumy oY) O (e dad 5 22
245



Sl 28 28l g A aiall 13g) Aal dadall (e (A W
Ly L ALSH piliag AESY 3 cpminas (5 sine A8Ua) (pe Linmy of (30
On O plaai Sy A A g ai il b3 e e e
epal Ao can May AL e G o Jgpaall ALY
s dale oo an pll de 5 5l

Aadl il Ja 1915 ale G oOniu bode A 1Xa
o il aalye ) o Jes Coag Gl Lk Ggaa 2SY)
adl Liades draaddl &aSlall &g jeal L jld 4 oSl asse Ao
Ul 8 e Jald e ot o oSad f jlud dla ()5S Laie
Ol ASn Al 4 0580 e dld Guld Baaa 5 (Sly) AS e
i 1 (lSISaaly cclalan )l il Uped Lo 1Y) 4l ((3as 5
(& olud a5 i

lly plidl i SR 38 Al f5alie (ki (Say S
e iy (sl el Bk 3 WS Sl sale) Y dsi 134
s US alall Ayl £ pnge o oo AT Ld Gl KUy gl
e fciaiey) e ol ¥ e o881 e dlld Gy VI L
dae e Jsgeall dadded A aaludl (ually Al Lgas]p "Nl daal
a4l fay LS ot

Ll s e clSle aa g0 Y o Lt a1 Gl cc¥ladl oa
(Bladlly 1of A Y Gl Y M Y a6l i) 2 Y
bl Gyt iati U cdiia o3 L") Al Laga oS0,

Aeladll ol ol 1Y L EaY Gilge b el Gkl caial) cadgl )
.(().\..AAA.AK_ YEOA|] ra;\).a_j BADL.M.U)
246



10

Lol g galadl Al (8 Aadall g o il aal L glsudl (s

i€l Cogud o5 Y g ol danilly dilexind 3 sl DS

Loale (Db G (S5l Ltk (n BV " gidl Lin sl
.Acide désoxyribonucléique* ADNY 4 gadi g an — glisiuua g

ADN C).'.‘.*"“SJ‘Y‘ £ 9 e S35 paaall
Oe ke (e 58 L (51 S e @ija 4 ADN
Ala (o g b dslkie KE . oAYL lala) Aldie il 3
cicladl Goolall L olidbiaie Gl pe Gligila chgle Cacline
el JS ygsla JS sball Cieliadl (o5l s (ADN U gl
Gl il sd s and . preal! el e (b)) da e o Sa
i Wghee Glyiall culS 1) . Nucléotides < i) @45 Sl
(o WsSe 525500 S DB oSladl sdiee il aS bad g Kl
wb‘};‘;&ﬂ.whijﬁ&ﬁcpl)mumt)ﬁ&aﬁ
RV ISP P PP PV I [ PIV SIIPEU N R RV &

pasial  DNA 45U 4 Sas oSl g 53 ) @il paaall”
247



(s b Aaliie il 38 of e W ATCG Signds Lgsans 3l
ATGATGCTA ...asa ¥ GoalS Lians lany Cila ailis L33

it i L Ly ey Gl (S0 (Y Al b3a el aim
fy Anli 4l g g JS ki Al g gl V) SWlde Gul il 1
&b Al gl canluly unigh el (Sl Galdll ¢ padl 4djal
Gl J9 g A pad — ABLGe CiaYls caeliae Gl
A Al A8 G sl ) il a sl Y LS e Rl
Oty

Alyy "G 4 Ao geas ABlae Cialy dgSe claglill o
dii 5 o Josl el ea L gy lieline Uyjla’ 4nis (23
Dol (5 589 s 55aalS Ljs g Josl ae sl Laeall
sl ey Ciaay gl Jashi CGlbAd sl bashds
e boasay o oasby W) al Hadiul e 4l
Sl gl Cabiia Jslae L lan gl B (e <l 5l "Codons el 5 V"
ddal W Granll el g J3a rdadl UKD S Al auss ga
sl ae sl Aas sy

I lepenn ) ASLA 5l il sde ALYl 13 (S
Jia dagall sabaall iy 3l GYT Syl awa 8 235 4 as SADN
4 Jaad Lgd e sl Sal Jaad Wi A ADN =) 4aai TADN )
sy S A Bkl moary s Lol @) dual
> o Al QlaYU ade 5 Al QS lguaay ()5S
Guals 4l el o 5ok (bl ] ) ol gu Al ASIG L3Lall

st = G eigim = C e = T ool = A7
248



Yy Juad ¥gsaadl ¥ Ly 4l Gilas IS oy ady it dpuld
Y — Gl — N Jal Aa) s Y Gl U (e Glaiialin
POV IUPIP WEPR W, Ui VPR JCREL T PR PVEN g PR
Grodbaal & Hidall A sba S Al Y gl S5 (MIT o 5l eisal
At o Y Jea il RS 5 Ae A oSa ol V1 s Gl Vg
Anid L 138 5 a4 U5 (050 BIEE sty Lt ot 4y
aie JaY¥l (3ih 5jge cal o) (IS kg g8 ADN
)50 5 3,00 8 jpadl) pailiadd) din Y s e Sy sp 5 ¢ BSAL

S SuB dlsh s ADN U clie ol glsS leg
il Lo oS0y (L5 ) lad el Calidall bl Cas Adeline
Lo sa 13 s dnis alell gl g Lgas dll Loga Ll o Laadias &a 3
Y e gbend Cinndl (pd Al Lasladl e ade 0
S eosSla ¢ sise (uild ol S taslall o L 5 saa lacliad
Aall Un o) it 591 0 | lie) s cat e 005080

Ol Lala ADN U b el ) dlasa) el
JS o aa i adlg) Lcieline &S Ll Ula 5, Cielaad
ADN < ol (815 o Y1 < m Y1 e L3S | i o550
Al e epiina Lol (g3l 3 o5 0S8 (uBlia L
Al oy s 3iad dene of a3 US4 C 4505 G (T dgal sm
gslad L Ble OS2 1) e 058 aaly 0sla 2n s Yy sl
G Byl el (i B3 s Lagamar ge ot e
SR E PRSP PR ESPWEN JUXTSNE P BRSNS R IR PACE
Sl Ak o (Sa jsuadl oda (fi ok any b oS1s (ADN

249



3 o) Al wla ol o Gleatidl ol e g5 aokainy
el Jall o2 Lgma ad Jsil Sary — bl 8 JlaiVl
(oske 11 S Hhail) el §f (g galdd) LSl

Gl ) La gl 8 uld faw Jad) e La oY
OsSa gaua S .Chromosomes Chiaalls 3laiall g8 :(43i 9 ADN
oo iy blae ccicliae (gla JSG e ALK ADN &ia (e
Laaaal (il Ghsal) A J<8 Clauall o6 Jian L clis 5l
ADN Ul Cicliadl oyglall Juaiy .91 e JAY 5 e o sy
Al e il A5 i 58 o adind cliaall b3 o
slh ASS fay o8 S aga g8 08 e o o uial
soall ey Juast oSly clgd alie JS8 Mg ADN ) cilissa
S Ofindia e Jpandl e Yy ruall LY i,
Oy caal g Y Leie Lgd amy ol Al LBIAD 06 cAnlall LD ) 2
@ e ali rua ma (Kly cdgruall AW D i Clad)
lbkuall t‘)—"‘ S e by g (N e adld DAl

oo las) Oade s D6 4 g3 Gl Aplly 4 iy 1a
138 . cpel Sia Sy e ey BDB S5 5 el ol ccbrnal
Claall o3a Jols Laie Load 3133 oJila 493 aay 58 53 ¢z al
Agdly Auii hwal Jld 14y LADN e i da 03l
A e iy Y e Aels L a3 (ADN U dieliad
o palh JKa o Slleadl oda oW ASaall Ahidal Clalaaly!
190 coali ADN U el ghae o8 Cdaa¥l oda S (pay . Joaall AL
Las

250



08 et Gy o pusind) Liaf el (gl flsa) Alls
Oielias Gk ol (bl Sl g3 OS5 sl s A Aa
S ADN W (6 1388 5 s 408 S (3 il Caga ¢(pfilaia
Ads I A e el Blae JS
1953 — 1951 (s g amlS B

e G oosils g (Sl oasde Gl N
3et L allall 8 el il lae (e eads Apdla Y1 il iy gilS
4,5 5 al Laim (05 il saadivy ol € ca gl CLEN 138 Uiy ela
aal e aaly G @S jhe oy IS a1 B Bl aSal 2 L
o st 53l Jb gl ol cllall Al sascd
i ) Al Lg_lc.A.uu‘f\]‘ a3yl el cul@mbAth.\m
a) Gl e Sha o de sl cliad A e
iy wsd sas Sl dag gl D (s, sy
GV (L) g oS ol S G585 iy el
Hlas gl gadl Jlae (8 (4555 o g o slall 3508l

g oal e (Ll e i SN e HOSI aghy (sudl s pses OS) o
sl ol e gl 4 IS oKy gl e B 5 Canial
A Lagae iy (S WS cclifipy o ¥ ADN ) e & sSa
oo oJB LS 3y S ADN N A sy o o)) @llily Lcd )
OB g oot 1 Slaty S S e i glS of Al layg "slal
o shsnl (e Ao sana il (Ll 1944 dle i« gia 33ay oll3
Oe A sl of 380 (a8 Wgns) by S dadda e
JU‘I:.MSAU}.UU‘}US plaa¥l ¢ b ol A bl 038 (Sl CADN !
(3 e oeday s il o cain g b o

251



(ol (UM aaf el puu gl za0elS 3 il 5 Jan 135
S Qb sk (a) dia dia gkl gemar S el S Guil b
laad 03 0ol 138 (s ol ol LSy LADNI s e
s B ool b ozasmlS o huu oy cdndy Cadgll 4 .;;
S e dany couiSliy Guge g8 QAT g sl S 08 ‘4-)5163‘
(o ) CLBIS GuiSl g 0.l 3l gy b AuflasSl 5
s Al Ly ol e 106 oS o 4Sly ADN 1 X dadd
Ja 58 Gl ge Jalal o ad Jliely Aoy G dlec

cLagre RE ¢S g il g3 )L 3 el Sy G snil y e IS A8
U gy gy ol Alglaal ia oslal el Legeldy Jua gl o5
S sasall e Jladl e Vi of ey e gl (Sl <ADN
Gpaill (gl el il it el S sas gl
ke cogne B shen Al (uiSly GLAIS i) gl (Al e i
I liad oS0y catlin Jiidl o Ame i chas gie ALa) 4SLG
Ul sy S 3 654 L aa

ol 8 g1 oulg glSy copilall 58 il Al oS
ey cé.'u]}: ousid IS5 el gl ans A e Cuaall duiliag
O |_\))a ADN 1 L\a}u ay B Aal gLl 4 Sl
A o0 DUl it o Sy ) Al LAl o s ol S W L
Al ) cliag B ol 8 3l ) o s Aasa e 81 Agla
Tisa pagy Bl IS (B opuil gy ol S Ta L (Aihae 3ok e
Légo sl el (a le 5 lld S .Cielimne (y53a JS3 41 5l
Osila S8 il e ol Al Gl A el ealia Cun

252



lere ol il Slafgllall g 8 il Lsall cielias
Tl sy baghs i otigslall o Cunyy uliiay ol e IS eliadl
Cpmlad U JLadl 5 claall e gaaall 4000 (el A 5 o Al
elaal) b Logaaaiiy ) gudl 5¥ 5 ¢y S D aaiall 13gs 1 5 puhall 13 Lol
zisall mumy o5 of e lagaladd ulu¥) Cud) J<8 L3y JLadl
S8 a1 X Al LIS e 5 06 o Y OIS (ia)
2l ys Lafy — Guly Guse legde domn A b G 00 S
FoeoneSl Legdla) e Laf (S15 clegiy Lad Galilly Lo
See (f ) gl ol 90 ¢ X Andl paliaial aay oz a guadlS aans
Juady  laidly oz dgaill 138 Joasly Guuady QLIS o (a8 (50
Legiy aumy (b Sy ggudly deash by ajba S8 dao
G S A Janll 1385 X Aedl GLAIS ae 238 e Llan 5 4 3l
ADN —J iy ) 1l a6 3
ouiSligy Oguil s el S e IS Jb s )b e g pde oy
ColS gl s A Lkl Laglg sl cbaslaall (8 iy 5 s
b el Sl eaiells 138 5 .l pully cile 38 00 8 2l 5
2wl yey o sl e dand alE g oSl damall OIS Gyl 1
o ehasSl 8 digh 5 ila Gl en Clewld Culs) culle (plSH)
b sl blly Lagle iyl & dis s AS)0 (QuiSly G jyse
1%y Al Sy Yy o ¥ a4l b dli e dllia gl o suil g
LIS Lagi) e Logaliling) lulSadl dualiy — Lg gy Al Ayl dpan
aal gl JU el ¥ Cmooonitiadl el il e gl S e
o2 .agie JSV AdNde A a e g 3 Jubutlly JAYD day agie

253



Ol sy S ol dld A e L1 alall ol Qs il
e el UIS a8 el oS Ga plti Ly eoplSl sy GuiSly Landiad
S i ey Y o sy sl ADN ) dnd (5l ~Lail
o3 ol Al 1s0 any dllh o died i) g Gued e ol
Aok tbaglall e Gahad On iy e il et )
5008 o S (oAl Al 4l Ao (g o S LY Lea gl A gl
ale g okl A ki gl i Jleel (e diSa Ay glall 4kl (oige
Gl ool S aadl ad ) Al cLasly Yl
138 Qi (@) Gailaia age (b clus s o 13 JS (8eS
b DAY Qi dal sl J$ vie Sl cieliaa oyl
18 o caula sed @l aay Jsie o 1 LDA Sy ol
daglon g ood cadl aalie o be ol kel (ud Cieliadl (g5l
vand Ll lgie U8 ady Y <0y 6 lae L iy S Adlisa
Aaulall 458 sall AU

Skl

LV I WIS [ U IRPPER S PR VR RV SO W U
(e Osodaie e (e LIS gad LA (e ey Gl e sad
Oo cAighag dpea i) pf ol A gkl L) el s
Clgll iy leel il cdial) e Al el aay o sly Ggea JS
el alall U sl 2 gaall cldl) (Al I Akl Lol Auds
Ll QIS gl

254



K 3 alae G i 4y kil s3] ADN I Gl
Ce sl ) el AV e (il ) LS e cdaall )
Jiaadl o3n b 13e 50 ool Leidase 58 el eyl I Cilisa
538 g Ay Jshll LedS ADN U Lud AUl LADN (e da g0 3al
e Al o) v laiey lae 6 (Glasall) dagsad Jaal
e ecdai Sl e e 3.5 Lyl xie ADN I albig) & o<l
g S e af g B raa 46 B kil "GR!
I Logy Gl ¥ (Sl (aa) rray lansSall e (s
Laie 3 (ADN I aBiad (gl Jiledh Ao jadl aatill & ya5 lexie .ADN
SSaall g (e 4l g Sy ) A8 o A8 ) AV A8 G
Afla e lelil ity Ailide YN (e A8EE Yial of Jdan
Al (e dajal pdgr AS e Ay ) gl Coliul dliaiie
Sl U8 ceVlaayl cllua JS o8 sual dea ey il
Vo4 ABlde dag ) gl o0 die AaS) il (pilaa Sl Ay
o ADN cMAdS:qccjmﬁj Caelliud 8 dagdall ) 6S8 o Jiag
o bl (5 gl Sl el Al adl G g e LAdbie Cllee dae
Bye b 1S s ADN ) i ool Q) e L 1Y) laea
i Jash Cllg dia aaly (e b chaaly dial b aal

Gaoll aaldll culall @ iid awdl s ADN )
el e e SV g Lad asll D Lo J9 @adl (g jlendl
Gy lgiasae b daal g A kil o3¢) Al SSY1 il il
Losac Gl odn cun .kl (LS b dasehe g J5 Y
Aoy () eoad dema i s (B el
255



Al oSy & LN

oSl cdla oy (1829 — 1744) Sl caagly la iy
AdS ol sl s il Gkl Ciaie agdoe cpdll BELLYI
A il iy oa g Lo JS Ol Amnr 53 aseidl (bl
oo B (* Sl gusl i) ) e (o sic g ¢l HIST (i
Dy @) e b cduall Sl 8 o 588 @y Bl el
bl A5 S8 e Uia . dine Judeil b AY1 (pe L

oYL o ol i S el LY il gla @Y
bl Connadl 3 Wl dale 5 jualas dauliey ek JS3 Lgie e
Alaall oda s elel) ablis 3855 53 el Y OIS 1793 ple 250y
Gl b ol e <) Miee ogd ad) B bl e
Sy Jsas 4 eabait) (5 o) Jlae 8 ¢ erphl ksl
O s (bl e 48 e OIS Lee podally Blhil 4 pilae sy
588 ) dia i 138 5 il gpall 5 lilall G (2 85 casliill g o Bl
Lokl o5 ey (A Baa

(LU | yualee (1832 — 1769) 4858 Gusd — zsa OIS
aaliaia) OIS L aphll kgl a3 1 Lad oS
| yaind ) o g Al 3 gay il G (5 Hliall gy il g Clilatianal
sl Blatse ade 58 o iy g Jelaal 2 4 Y (L
Blatianl allaal) s A o (e DU i jlaisa 3 (3) (sl yioa
puall aslill gl JelSl (el e il Cog kil oLss 5 .5 _finsal

1996 2 jladle ¢
256



138 aey . Adle Ay (e ) Lidia dbiay 38 OIS 3 14l | yea Gl oS3
Uy «guua il pmsall G slpuadl il Gy 438 S 8 Ll
b Adlad @y sy Jaw ol DA Llgsad 3 Cblatdl 3
Shiely caalalls eV ) S Ga) gl g0 ae llatuall Aapa
a) Bl (e aal o AT s L Al G
Cle genall ekl g (ulS Cu )l & Cigan o agdy Gy i ¢ BUS
an e 5 2gay ana Lol gl Gl 3lay ) Aglal g Al gl
el a

od 4l dgilly AT JSA Au S Clhadle i LY
Jsads gl ki e Jial a Clilaiudl dagh & ol il
A glandl e Sl e e JS5 gAY ) Lee pand
iy Al e hel Lo JG aplagy LY oS 4 S Ty La
O i) Cpaalall aaf s 9 IS U ela | pie 4 oS (IS LegShiay
wlia ol G LY Ta o 13, .8l ol i) syl
Al s ludl o pdiny eladell IS (gl Q3 3) Y senay |yl
(st 1he Ll Aina Jea 4oLl Al oS oy o(AleY) Sliless
G Ball Gual L suua Alle e a8 eyl Caila |58 capd S
(@l s b YBa A caddl olae) culel 2B 4 seanl
couh ke Al Aaklid) 3 Slshy Shea loLd 4y Crany
o) gl ulie G oLy Jl 8 rada Bia 8 OIS 4w S (S
(A e Alladl) Bac Lisal rinia 138

o il Al iy (Y anatly Gl o ldll e D 3 L
oo oo solele il cant g1 61 gkt o e Apally € gkl 4y ks

257



OSly da gl pe B Aadl Bolall Aayls danad sa g (JuSD s
13 calal a8 30 s s L s ) Al I 1
3y ¢ Sl S Aligha oy i ) din e Jsk A (L 2
skl o e il Gailadll Sy s dale @ jlny cdgans Lo
ledsd aa ) 5 (ge dcland . (Saa e elld of oty Ln ol gl 4322
W e U A Y

ADN 3 & 33e,al gailadll of 5 (ADN I il
i e s Ledld ADN s cis] Al el W Jian
e i Loy o350 il @2 (Germen dsal 5o Lo o ADN
a8 Gige pe 8 (A e all (Soma auall g Al Gl
B Y oS e G AT Y dis e JES 25 Y (ADN
Al oty 3 g o e 1ibay Tamen Uad (ol comall 28155 (a5
05 peay S b € sl a4y jlai 3 5 4

(1882 — 1809) (g s J L
Sl o kil e 4ty i FaEga g a JB 13le Y Lald
Ghas ey oSl ey e Liae Cpual Bla Ly Juadl (oS
aiSdl il By o Y LS g aiiel Tl e
Cyysh el 4y .kl b)) Gleall B daugl ae ol
ol sl Lkl y Lol Slle @l Y Gl 45y canp)
e e ysliany ol oY 5a 0B LS 5 ptie SV ilaaal Aaylalls
Oo Gl (S0 Sl Gaday ol eV (o AY) e Juadl OS2y
o (Cliaa) aglin J cpdil sl B agdl Sy — o AV
258



AN oa Jansl) e Wil Qi agilin o agilaliy gt s ol £Y 38
slilaal ) a5 Lee paaa) o elibaa¥l o cilinl)l Jl 3 Usa
G o2 ahal) clila¥l s S8 1 oo LA (8 S L 3 sal) A gall
i eeh N Al aay . pugille e Ald o Gyl 28 C0IS (opg o
G5 of ol sl e el (e (0 Lage mle s B LS el
Lake s s

S5ms gl s S 4yl S 4 (el aal 50
(Bladis Glle o gall ale B Gaite (a e e guge A
laly . allal Jsn "Beagl Jiad) e Ala ) dpubiay Auals (58 L
o WS clilaiudl ale (e 5 ye b latue Ba2ade Gl oy ¥ )
Clanat (st LYIE 5 al 5 el & gl Cilaanll) Al L aal
Al Ll S8 Vs ol (s Sy Bise S (LD B bl
38 0oy o aly (e ile a8 FAASICY! il g Yau
plags Haeny ogliual aie adly My S ama o aual
2l ey ol 4 3;*3) [ S PREENPRcc S BTN PRI Ny
S s ki e B JSS adly (o1 bl 4 alas
Jalie JSay S Car Ly B Lagh (5 iy 4l Bia g Ly
deal e LS (i€ oy ol g la el 13Say 2l leal sy
pdinadl Jleitl B (Jst LS f e jaany glaiyl Ll
S5l

gl lilue JHGl padi OIS (Cpafinnn i pa e (DS (o pili g 53
pa el T e s
259



soa) Con el zasulS dada I iy cug s o &
ol (3 yualS daala (e 0S5 clo Y A gl JisE Leie 43l o
2513 5 1038 4ish g U finay | sedie mases 4y can o (3 (50 lin
Lok b gt Ll claally Gl s zasulS i .Laf oY)
Sar ¥ asll cps T e oSy e Sl Slilgfs oY 50 daliaay
- 1822) @50 A (Jgad iyl gty ol e oan o VI &
i€ Wy (1865 ale Y 43,6 a5m Jiise S o pa (1884
Al Canls of V)W oSa Y L1871 — 1858 5l b i oy
> obonl) aladl 138 Lt (e pliey (uld U e gy la Ayl oY
’ A0 g 3 Cumall 3

A, ale
(Dsdige Jshap o Sl caal ) 1 S ddies  Gllall S
sl kel GUlal) &laadl YU Gags cdlias (S (S A
O el e il Gllall ag Ledie LAagmill oy, (ddkse
Seall (e llall 038 (e Latie 5 el jia 0585 LedS J V1 Jiadl ol
tuj\muu_a)mms;_ﬂ @,_mwwdﬁu
Oe i e il _padl Y Ay el e oo 138 salsall LAY
(padl el Aa g0 el Lpalall Jasy J¥) diall clla o ey
e (3N sa Ll 13 8 pad) s sey Y O L (S1
oo Lals) Juait Gfnanadll ool Gl Gl ae ccladyl o
(Vial dag )l Jgemn () s Lae clgnany pa 2T 35y clgnany
Dima Ll g8 g Ghua¥l o La s J g i Jakadial) (e gy LS
5oa 3l Jadh Lol jia ()5S salsall Jla V1 gLl DG (lé gasey die

260



Daial Lol pund el yumsl . juadl da g0 el dpaladl ella 2
cpmdl il SN e i SO il s (8

il — i Al —

siadl pidl kel el ] el el il

l | l l

hual ual shual il

LagiSly 0 Lagige (ppadd O gl @0 1Y Lguas 43 Hally
pte (9S Y Y) e Jaih )l G L0 — s Aeanad Py
Lol gl Aanad o 3 gud Rl @l Aanad OV el
Aadlh (e Lin Y 0 oS 18,5 e Cusd OIS 1Y ediall
255 sl 4B = o) A e Bapad Jasy (sl e pH o8 sl
— G S el S 10Sae e cdlll |l ADL 3
L3
okl it (@5 ald Cuad A (Jpigad el bda
= e Ao liae dlls (e AT Glrsall A Cuae ¢ Jlade JS0
Lppall A8 (8 dadle diay Glhadl Gl adiad Leaie LADN
LS cel@mll a oy Y e s a1 Y1 e ol lalaa) (8
O @ JS L Agual #sY w GADN W g i dals bl
U n Jaih Lgia XLl g cdiailiod (e dieliae Alulu Jaay a5l

261



o Y e lgsla ela) A de L el Asds iy
cJrand o YT 038 6 o 2,a0 130 PISH Ladie oSl (Y
o3 Jan cpliie el (pe Lo, (585 ADN i 2m Sa o138 5] g
YY) Gl Jaid Leuld G0 (S al shall

caleaDl Al gocall Jmis Ll 138 JS @ jae (o
Gslah 438 ael g8l aady caslall e B0 g S D )4l ale g2y 138
e cdvige Gl 0 LS cellaa¥! Glus ae i gbusly ) o
D 51865 ale b sy b () 40 palae Jaige Al Lexiad olly
L Cpaad U ) Gl oldal gl aleel aal jad o catis
(I ALl Gl Lep il clia A Lot 2usldl 5 elaall)
o0 g ey Sy LY o 3/‘;’\’5 g alee ) Ll & S
1Y Ul Se it Sla Vg b 48 L SEAL L uy g0 4l
KAl e jlind y lealsly saaa 1ISH Y]l Y L) s
Jaa Sl sl 138 55 Lasie paatll g Y Ly

IS S5 e G Al il gadl daally ¢ Jlaall a8l )
Y als (&l A e il Al Jeay ADN ) oIS 13 48 clagges
Ay of 3 GADN 1 138 (e aaly cacline goia Jo Lelaay
G LsSe 08 ple @l ADN I e Ay sl @)
46 b Aasa oladl A8 Al G 18y dibde calss
da g3 3all ciligall o3 LADN I e La g2 3e Ligila 46 131 clalaa
LS ¢ oandi @8l yud gaddl ccdalaall 5383 <GADN 3w
bl (Ll

262



e Dy dbigine ADN I cdgeay e 4 S JSS
aniba 433 233 s (ADN JS i JS ol elld (o ST el
ey Cladia; lpiany (o Upaie Jpai o g gmg 4 ol )
Clipdl e Jais A3 0 oyl ans led pag ) Jgaill o
ald lgammy (b gall (e IRVORTES Il\‘l Jeay gama JS (DU 5all)
alie asfi LeSly o Jilu Jead¥ Claliy lpany o U gaia ¢ AY
Introns b g Y e slall daly and 3y coliapll Cladiall
Gas YV Caoally ey ¥ lag il ae cadally GigiSa aa JS
Ay g€ Al A o Jsa) (Sa Jlail LAGCT
Jpmad by dina oIS (e daliie iy ccapal A (o daad
cont) ) Jeaiy aa JS 1Y ADN S ¢ puiall SIS xie a0
Sl el Bl Laiad (oS sail) madl SleaS s claay)
Ladic 5 .4LlS (80 QLS JS e 4 g8 a8 S Jdly (g ala
33 _kell Claiiall g ds 53 el Cladiall jeuid ¢ ouin S Y1 Ghy
e Aaaldll s g 3l Claiall e QUSH (o5 olay 1Y) L Jacaiia JS
Ul caaa QS JSE Y1 e Aaaldl) 53 jaall Sladially (Y
O O5SE g AWl gl coladY) 2 (Osle 11 JSS) Byaa
S calae JS L paally JaSU ) i) ABlas 0555 () LSy cana
h\ .e‘Y\j I Jailadl aall ‘_A&AY‘ il e L::_,.x O5S
oA Bl aa s ad La SBaa cuaa 38 Gaa Al Wl oS
a2 S5 g (el Gllaleamil 3 5 sall Jyige pal (3

i gall A gy ey IS S o daghe i gl el 13
263



35S Aoy an Lina praean Lo 13y laieall 230 ey i yal
2ny Opnall i G GV Ge JATS (YL e s ela 1Y) Ay
o A Cuny ADN 1 e (L) @l uS Vol g cLagS LS
ADN 1| (e L e gl 3 Jaa Lagia JS 138 Ciliiall 2 53
25N OS i salhll o3 aa s A1 ey Y1 e (il 13)
e 2l sl
A gl IS gmy ciclias ool (e 188 K0 ADN S
ANV o3 L celly ma Y e dadld el als () e dadld o
S Cilaiin ot eladl cda g ollal il sa Joaad s 51 _yhaal
e B Lt b el da e ilie @lll 08 (f £ puais Y cans 4 Y
Lawally LilSe aa5 (o Lo 0 A e aa st adl o bea g e )
A el eDlelal oda Dl (Linde uls llily L& o ay Caa
B30 g iy iy e dhany o il ) Sl A
138 3 ghann il Cagun A8y 5l Allu ) fd A o3 gl (IS
Gl e e ol daliae WIS oY1 0 5S e g gl 3l )
sl g gl | jime Jioy 138 5 Asa guas L) 5S5 elime§l any
pelS . (pBilaia T.\j LSS Y andd g gl e (o8 IR S Al
RPN SR IR E FEUPIICH TR S PP OV P P
ose Lo daear (s$ Alad a3 LIS Al Gl Al Uila
Gas Ao sy Ly i 25 3V Y i o ik

i g i |l

8 Gl Y] e 3 e Y s s e G ed i
264



A gl g <l ik

OAN Ao & Guw g0 gl sedl e sadl YN 138 0 gay
— 3y il LS sale) s Jiige et e (IS Cum (el
Ciy e cuige el gl ke Logy A plsd1 St de Gay g3
o33l 138 JaY) die dypee e B Auanad slad 0 Al )
— eose SixeY) aal (i Bae am Boik ol Jlail
13 eandiy 1an Ao B S 2 ) o gun sl (AN AL Lariiines
X Ay AL g Lasly il Leliaal — e Lo sl
4 Asadly 348 Al

gl sV lnd Gy @ el ~ sl el jilall L) a8
1388 5 s a Vs @Y Y eAali o sl cd 138 L kall 13
Cbimy el amy ol ¢ iled JS A€l liall Gy 0o
& o5 dialad sady couell e Y e .okl & e @ikl
=S8 Ladie 3 AV e uaa CDle ana I Bans Clia sk
oo DUy lan Aala 566 Lasic saaa el of axis Liad (90 il
Y iy Uy Cigu anlall clilaal) (6 ds ol
nohsll okl Al ae 5 o 5l 03y Audlie ST, Slals
skl Ak S dduas 8y danall Lyl e S
dan i Lo 10y coldlaal — 5kl alecalV) (g chaingJall il
gy Abdad) tallall < jlial danay sige dlla esall o sl sl

LS — 5 adladl sy Skl agh ADN W any
Lauliag (ADN ) s ¢ 25 Aaee 4y 3 "B Jle ) ga Lgd L Ll
LS iy lan 5 pgham Ao jlal il gall 03 (oS5 Laic il S

265



el o ol olihaiaV Lelains bana ol gl JS28 Y 2560 Lt oLl
AR e 558 5y Jal ga Le ) Lete i Y G
A glgm "8, 408

el g 5y dand el Canla XS e gl i 3
AandS sy Glan S €y (WA e 4986 dadl il (S
Al @y ey calall pailiad lgie JS 8 dead g Claag)
(535 sk Liaf 4y )Y Lo adls 1 ol Al sy e
ADN I lelalay Jass all (ASH DA JS o Gojay oS alsdd Y
DL JS lane Stae ol 51 LAY ailisSe g lly il J o) gl
lalilags camy ol (881 408 Lk 4 (jaua 5352 sall ADN
il g a1 o Ailad) e ST Algh Ui ) 81 eyl Uk
S S g salels pramy @ JolSl babaddll iy 4 S
lall 8V ALY 4 oty aalad 1385 . 2

— Al Lgalle g AN o sl 4l el o Al S Jul
AN sale (B ol o dygiae GlS ey ale S s
o o2 (LD ) Lduge,d o @bl Caal Albumine
234 .Ribosomes &la gussu ¥ 3 Mithochondries <l jai ¢S il e
CAS il o axig As JIEY (5 sk Liany lgaany g pnili LAY
pua clley 50 milaisae aa g LS Al 2 ilaisae aa g Al ey Las
el (pa L i (s i tlley (S5 cAgla il e S )

*

Laslondl S oopln b alall daaf ((1901-1821) i algng, s
o el Gl anill Cojall 2 B Ay salsl)

266



Jale Joat Al g DD 358 of ool Aoy (b elayy
sla o iy AdAl WSan Al e sl 1Y g addl eyl
AV saa sl & A Géne @50 Al 5 e JgY adiia Guils s
daly 8 (oSd Ayglall clul ol adiy el sk pe Ly, gl
¥) "liaall Cued & Ak s e Clas e WA jud 6l i
Gty 58 T 1385 (WA acas o b ot o oSy 4
J Glbanall 038 2al 56 g g IS W 3laa) 238 (Clbruall 238 e
LS sl 5alte (Sary o 50 OS 1 isan s ol g ) 020 a2 el f
s (ols Jaadl Cpend ) AR adn Leve g adadl Bl oL
4y ae Spermatzoide 45,83 ddhi alla® lavie ¢ owinll SIS
zlod ) deain clpaall of Ladly &) L duade diay elacl
A SR PR K PRI VO QY AT EVON R VL PRI E it AL
@ bl o oty 4l eyl pasdil e we S sl
(e 420550 iy gall) ) gall Alalal
e W sa ilans leemy A Ayl CASLESYT o3 e
At olawly ¢ Jiny ¥ 415 55 gas calyy il Lo dall CEISH e
= Lae (e e s le (Somatique  jarwa Aiiall 4iay ) Somo
Germen Ygall camys JAY din (e Jiy 4S]g ol gall Jala LAY 8
A3} 020 yiw o8 e ol SH ¢ fima 138 JS) Caeliaall (g lall aay
s e .ADN 1 (e sk diclae Alubs o 3 (aual
s AY Gilay lpmny ClagglSall Glaesd g ADN

Luu 4 \.aua x5 Soma g ¢ JU sl &gl Al JS4 a3 chromos ’
267



0SS Cua A el A Gl () saded LS el ... ATGC ...AGC
ol sal L i of Lgd gal (oamy cilail

LS clgaall dnied e Tam Gaa sie 588 @l pall (8 136a
g i RSE s cagia Dians T Ll o) pl o) i)
Ol il gl alad Sy L 13a s cClinall el el (and &) saa
a5 A8 (e 3 3e ge bl L LelelSs Tl giall 53 aun g
lass) jluail

8 e o i ol (KU A abasl A jall & ptel sk )
e Gl oS5 ey 3 clgia GaliatillS o) g L lsa
Clipse o el 5 3mee 508 G glsnll sbas) odn ClS Lt
iy adl 4ShG (85 o) Le b L das Aaals calS b3a e S
Al o @l Je Juaill gladl Aggad 54AN i AY
€ 2 e WE A5 ga L Llaa saiae ulS ol Aeall CEIS)
e 1) AbaSl Bapal puy ety Yy sdne Ly 08 3
LS yall gl oIS Cd gl el 4 oéﬂu‘f Lo 324l 48 )4 dadia
Slagissd Taal 3l G gl DB by s iy s e 2Las)
) gy (aatl o ) Clall (sl Jese )
saseall Sl Lad i 1Sy (LS elbe) LeSe
A A

Uspdl S el ey et (1828 ple b el say
i Ao sl sl Ll T e 0 Ly aily algie M ey L Urée

p Al Lo IS e g il sl ey 305 Sl g sane g4 Génome sl ©
268



oo Gl 0 Al eall g an gl 0S5 Al 5 5 colias Y
OsSe ol QIS o 15,8 Al 5580 e Gsasalll () gadladdl LAl 138
Gl) S dladay A Al Mgy Al Jie SAple’ dge (g
— Aold L€ 8 S8 Jan bsadia Jsey) Cudig alall el 3 duaaY)
o8 gl . (Biochimie e sall) 4y sl eliasll ¢ pall (ASY elias
o 2l a9 Jleel Cliel 4 claslg pall AU al ) gl
Ak gl Al 50 pe — Ayl el Gl Gany o Gigw (ala
sl LSyl WY B g Sl mndd I AE g A Sl
Scorbut il el (e al 3a¥) (e Ala 5 G Gala JS5 Slualiall
Aakde i dlld aa eiSly

G o b st Ay i AT sl
sism s lasl Gy daabad o5 A sal L sdanl o) d oS
i sal La sl saeel aaly coalell aina 3 52y Lnglpull 130
S Y osens Bl eV ) Ui s 33 g bae ey JU
s2luY) aal Ay L Gub hme o bl dmd B slaS gl
ek il e Lo WYY (e La gl 4 LS
i s L Ayl L e Leben 5 " sl L o gl e i
dgma S yra alel € 5ige cla e A5l ¢l il alell aiYl 0
Tanaladl eall b Jell gy Laxie L ouennaly opanall dala Ule
oo L b ad oS o e ¢ gipe 5300 laY L qia a1 Al
L e 135 .1k lease 18, Y By a6 o el
gidy ol a Luigh (Sl aladly Glawsd) (I Jgagl dal e
Baaall e Ladll Casins Slef o5, i Ll e G5

269



ddyya g Slall cLaSIE (ADN a5 aa pid e o3 S
e b dlall (i 8 i 8 Y aeS) el b,
SN PO R YT O UL S O I I PR O
Y1 138 215 slay RS (g e Aol e il ADN ) 3y i
A, gl Aaglaall (35 M ADN U 13 of S el e gy
ginamsy Ulae oy pn fis dall CIESH Judily (S0 Jalaiag
EOelin g dlly U8 bl g @l gl 63l celaeY) dauy
L o slall WSan Al G el o slall LAl
Zyjally all GHSH ot Al 1Y el Canad 1350 5 L agLasd
Qg e el glia Cleead Gads Glida S5 Ll sl
(Jaidl ALE e Afie We g Al g e clija nexs
(S Al G A s Gl S Gleadl g guaall (e dda il
Ay gl ALl gy Jane cdiney pdiin e Jara sa ol S
Qalae (o el 1385 L3 4l g clly ) Gdlis) caiSly 3lal
O 5 e o byl Shall clies

oS € ISy el Ayl Al e DAY Jeast S
sacld 05K Al AY) 4 o $4SLels ADN I iy s S
A Al g

@ GASY (e huan sl g L Jara Al
o Y 5 (ADN b oSV SalY call (AN Jee 401 pgdl
Dy la W romnld AT el p€ e e cpe 22Y)
-(44<YL NRA) ARN
270



ot couls JlaSodl Lo e (s o Gla )
Ay Oelill o3 ¢y sSin Leipy Alall Dol Jans e
Glijas (oafuasl Jgiy WS el ol Cass Yl Al
eas Sl Gl g Ll 1 AbaSt Jelih Jd ge «Catalyseurs
S la Y ol e L e Jeliily ellgn ¥ eb odlld
elhac) pidy mauds o(Rpelad Wl J LS aall) il
W & olasl clae e idad) saldl JS cJlaaYls
iy aie) 4 As ol Glay Y aia ) pul Led Jead S @l sal |
) — & sl 1 IS a3 S A sl o sk

e 134y ADN I LS eflley (ADN Ul dgliie &3y 3 58 "ARN —J
ally ¥ 4l (U W5 T g o ) o ol dshie <lag g ey
A 00— el sl Jafise (padl) A lite 4y ot liias (g 5ha A3y
33 ADN 8 4 s 3 Ribose sl 0e sp Sall (i 5
ID Gs Yu R 3sas e Lea Désoxyribose ¢Syl & 35 s,
ARN U ) dumpasd f 3 clan (5 58 ¢ 14 ity g8 ol S (S,
il a8 sy 13 A6 80 A (e ok g B pae A
o g s lal ARN 0 g1 (gsbe 12 S8 ki) Xerox aiasal
) prd Slamal 'Gluzaal Jaly ) Ss J8 Gagw <ADN I Al
KV Cfmg} aladed Jary AARN I oy . (Sliig » Jana) ribosome
Messager Jala Jowy 2 ARN Lﬂ ekl s 3 ﬁ"):&\
ADN ) Cladas

pa el (Gl u )l maad
271



Al gl ) g Lt Adall 06K Al Ad ) dall ) xe
s A "’ < 31 & da gy ADN o8 clgie (oalanl
gl Ll sl 5 58151 )8 an i o) panenl) ey Y]
(ADN I (e e 3a gy of 23 ¢Sy Cigw ARN ) (Jalal
ey Y piaal g puall Cladell ) amand) e 8150 olie
S s grandion el b (A Sl 31 i ) el 135 5
U p Y (e Sl gaal 1 . gadl GHSU &y g pual) lisiy
@ o5l dgxe B Laa gacliuay sige lay asSla | gl 80 j5a ) ol
isra s @lld e 15l s 1960 — 1955 < gil

A8 5 lafip s LA Adals a8 e o0 JS 1 Gl (S
Y s Y Al e ke Lo @Al Gagesd) e gl (e
S Gl fmeal Gk w1 oSe @S 1o Ks
o D8 CipaYl laaat il 1Y S jal day )l (g0 Baal craauall
Cogal X8 e laaats (S1y (WIS 5% o) Sl (16=24) clils
Aapb uaat med G Al Al A4S Gl o8 (64=74)
Gl & i o5 calia 88 lifi g atem 13 Asisadl) (asal
Coal s ouise S b 1 (A S il B8 o
o al DG e cilalsy A5 jLida

ADN —J ¢jo Lt ARN I Leduy 3l Al 13 8 o3
Clamal (Glaadl 1Y . clid,d aiad syl zls iy S
glae b Gl Glowals (Clifl GSF & i ol
o sl cilaslad Baa ) lasall o3¢l JEy ARN W Lctiis gl

272



Myosine (p)ste 4nin dan 4l lgian Baae t\j:ﬁ e oo Sl gyl
Baull) bl & Gl i) LGl 3 G DAY aany (Aliaal
Leds a8 Y cDleliny LAl saldl o2gd cadl gLy e L) LAl oLl
el 08 . Al Jeldll Jole i jadl dsens Lo a1
LS lin gyl s Al el cilay 3 Judady o5 all AST A0S
Cilag Y1 oo pnagl) LS (B) CpmaS V1 (psadd) Cluall f S
SIS e A Jled SeS) piadd tia J< Al R b
Aoyl laguadl o ciley 31 piliany L ol

Ao qial s i B A Y Tl plan 2 oS oSl
o> A8 piay Gulie J<G Gl K aby of e Y Y elacl
LS g lenall Gutigall ga o Loozamaall A 8 sume JS 48 05
B &l (e La Sy 1 IS 31 gan ) Anendl g Alesall AL 038 L S
Y (aht il pe gy elalall CafiSl Ll (e U iy s Y
iy (158 o o o L 1) Lo prand Jy s Cilif gy aas
wlaiill 13gd SN sl e cpumy WHY ahally Llgin Lad iyl
(A Y b o8l gl 2 s e EIRIAPR
RN 5 i e D S clasall 41 13 e 5 SN e o8

oaadly ele U8 lEble ) Abal) s S e (S
oV €aa s ARN I Fuldll 4 ADN ) oty Al el il
oda b ol Ged LD dalay AN ol LAY LD Glawad
1 sl L el ) e liide J5Y o sad SaELY
D a5l ) ATP dlew Aok Lo el e Aujal La
Jilugl saa) s s alal il . (Adénosine triphosphat <iliu sl

273



el 25 5a0 oda CiyuS Lo 1Y LATP ) L jdw o dilall o luy
OB el sale) viey AN U e pladaudl ALE Al s
clelil o3 JS L Lad Leay ) gl 3 ALY (345 ATP
OuSiry 4l Sy (Lol g SV (g ety YOS Y gl Gl
oda Al cWald l@dy g ob AL Al pian LU
I S 6 all il clacll 4 Jaxs ATP ) aaiay
- Dby 2 S glaal

GSH s dua Jhas s e e b 1Y A
Al JS AUl ATP ) 4piis S5 Aaslaadl Ji o Gy ol 3a
ey calaie (JleS JSG (Buliie

D A LA Ga
e Y Al aS & A VY e aandl 138 JS cadlsll
shee ely (o5 ) Gul Al Bamy A LS o A (LS
LS L allaall s JISEY) Sy BISS LY (Al sl claall o5 S
Dl € el e A0, el Wlad 3 s A
<ulS «Echirchiacoli JsShu puii e dgalall &l «Colibacille
O g g 4 Conans (53 gl 3 cdfy el 2 sl i Addes 13Sa
Gy of an & Apld B G S aan sl () AL
Chaglagl) a0 clagas ASY) Al S Ay sdh (b AS
O O & s Aas luae ¢Sy s 5 WA L 3l ((Nématodes
Laigs elimanll 538 13Sa 5 05l o Adpdd (S G S Jae (Bhie
sl (gige dlla S all QIS agd 8 Sl adD a3 S N S
rona o LSS e maia o Lo taSy doalall Lealdl o3a JUad

274



Jo Al pgh b Al 55k 3iad o af oy Ulee (Jall il
JEVL S yalall U sda M jea e WY 4, lall
)l gaal) e AT pgh Ly

oibiall )" 1By pall g Addladl A Gl ) ALYl s
oda  (fie Ln}J HEN ‘_,,_ml 099 Lxll; e pgiall oSy Sl
Ol gy 5 Lagd) \.\,;):\,\S?JL:_ &yl e laa A" gLl
Oihla L a8 Oy cpale g b punl (B pal B S S ollal
Y LS a (Mg iy of e GlS 1Y L ola ) Lioa
O B sl b Siny ol clan Qs g s cAlygha Gyl (il
gl 358 A AN A @ 4 dapl J8 G lalis) ol
on 3o And (o e DA (o DML (e 3, a OIS
AT e 381 ol (i aine Aibiad il ol ot e gt eline]
ADN ) (e sy 13 JS o a2y ol S0 Jae

A jan WSlae ¢ and il dasde b o g B2 dia g€
Filasally sl i 48 8 A 0 (3 e saald s Lea ey OIS 0 ALY
el Sl el L sl sl olis i o st U8 Leda oy 30
Al Ll oyl Dlad dise ol gl & 480 Ay geaal
dagde o oY) AN ABlas a3 o) Y1 LA Cua dlaa) b
o Al gAY dliae mua 5al dguac s lalaa) e giie
Ssag LAY o3 "Cajped (S $ LAl ) (RS L aagll syl
aww@@wawawwjeuésﬁ‘%
SRR iy ¢ pumall JSS 2any o3 AV el a L Slpeae
33 Jeass of ADN I Jie sadl samy dolad dgid oSy aS

275



ool Jal Lgian, didatia elinel (ol calafY1 4200 JISSY1 (e ALl
IS aiial A2l o2 S @) S aainy S @y e STy €AY
(e JS dgla JS o G Taaly JSS et G AN 08 8 ¢
abad e Ll 03] S faaly JS 4 deaie Ak, S
Ll g comlaty Gt sam g Alea A0 &g Jaotl 653 o sl
sl piad Leils agallyy cchlashedlly Zilall # AN (e Jaid
ey skl L glgn ol gasall ga 138 € jilSE dlal a2 (sl
sl Glda) Al i dagia Sila o Bl dpany (3 Cuaad) Gl
.Topologie (o> s} sl
Bl ellS GLE gl U el dag (LLalll pdgd gaaill
A Abia o g ued e T aa L ige dlad S0
e gyl caal b s bl ad o siall ca 5 A<y
L i ) Jeo gl (Ko oS o ol ey Lo i Laga o Y
dicline Cligia o lpiany cailay ddhiadll claglSnll ¢ jlle (e
Jo shas ¥ 3 Al 038 Jie $(an 710 = A 1) a5 0¥ Guliiay
Al 0 Leliiad 23 o0V ) Awg Y g Aplall oLl Jilus
Qoo sy caals (5 il g Badae adl e 3 ADN ) (s alaii <l 5S4
la skt cany i 2padll Aa ) ey Gl S LAakiial ol LY
s dacbiad (V1 e SURY1 138 et 13 . 3okl o2 e 5 k]
Cisally ClaeYl Caa sl B jelie Al Laglendl (5 S 3 el
Alall (B i sl of AADN I Jisady s taaly of b lae
el alay of Al SN ae 55l b3 dyac s A G
o Thad Clbjsar A s Gl el Aldlall Sl psall iy gad

276



bl 13S0 Gl ey el LAY Ayl DAY i ) Jua il
el (il 5y (gl g Le ol 5y ‘sz sedy o 2237

Juadl D ey of dasal Ll bias U g LA (LAl 8 L
(e S o) s e Jurassic Park il g & jiiall Sra el
S Jil iyl skl el 3k o 093 00 c0San e ls oY)
Cig ADAY) ALY Sy o ol sl e Aga 0o 103 (Bua
Un Coe S0 pcinall o Gandd 31T g Lia gl gl 5k e o ki
den oo OS5 S Apmles LA B O daead 45 ¢Oun ol g
35— ot OS ped 08 Osum U cllaall 58 Lo s ud o 5]
cenl S e sl e Ve o8 (ol Jab adiis o e (s 0
OSan e ol ygall oTuall O St (mey S e Y
W e 13y ciliaiie oisiS Loa daaly aall Ladly 4dda
05 s (IS e st m ADN ) e il 58 JSB o oS
ADN I 3,50l Likge o 5 a¥lL ¥y i Lo 3 ol clly
Soal L cliaay g3 8 ADN ) uli bl olie JSb Lovie
Oaial) aal Conan 388 Al ae Ldasy 53 98 aanad) 3 3 sasall Gl
O3S 520 1 (V1 ses sl IS e 1ad Ll o tda s Uk
e US) lld an 5 il go Lo g Ll sl slue 4l 13

ool e L o L Gud Lingal) 5,00 ADN W ()3 1%a
st S cuall ADN W e < i slSH el e JSU WY cdaall s
Lo sl gally Gl Lag 5 ol gt of el (50 5 pm olld S
L slon Ll S (S ) Aade duay e el (S S Epal)

277



c:\,.:;_)\i..“ Q\Aﬁg_“ Lﬁ)@;i Lgi\.;a'.’ﬁ aS REIRS ST g_r*"“ J}Ll“
Agaa ) W ady g3 delid de 4y SAY Ll g a1

lidll g Aalaall agial s S e g s s
08 yaae u.l‘l At faa JS oSy L uaall Galall c.a\.u; & 1da ?:\._.\15}“5‘\
pedl 123 Uil eplial e sLall iy lall &S0l 5 (ADN
o 50all ramy (oAl uall 13a Lla ju (Thag) Jaad ol LTy Ll
sladl I O e calanall ) aaidU e ladl LY salal

R

278



11
P — Yl

caaly o 8 s b Sl o slall podf aal e ¢ 1 A %50
QS a1 daads e Jeli ekt (g eyl oY ol Lgasd
bl ) sl ek of die ¢ oS0 eliadl) (b gy (L3S 5a
o Laf gy el o) Judf culS ) o cyslal oia
Opnd o JS1 B Gud 4 O (Se 4 Ll SYI o gl s
i ) A (oild e S S i G Lapy) Ly A
oo clalae diga ga ¥l agde @ o5 any el Baiey s
LS Y M) Mise Lale chaeliad (91 oo clgilan i jlaal

a8 Jal 5 eliall 03gx Dalal o5 @l guel of daadl 3 o8
3 13 5 fa3 ) 1y edall gAY 1 10 Lany 4G5 A
Ol Ao Ay Gl agle mY) asle auliD foalial 3 gaall
88 Rl Bkl Y g gm sl akins o Ll (5) el 1
OIS 38 Ly Tans Lo il L 5 588 V1 Asalel 55l o Lo
Sy eblaiadl g el 30y ¢ saall g a1 Aaadle of Tas Laids
dall oy Aai e Lgasan Ll cel selly ¢ padl Liad

279



— A ey Jpn ol B Gl o5 JUE e | liel
ol (35 5 gelicn 5 S0 el 3l 8 palie oy g La (e Lyl
aste s sl aslal Liad 0y clgaais ol il f Ayl anil L olly
ot 3353 Y gy oLl asle o 5kl 05y 48 (L gl
o2 ol il (i la | skt e A L sl oo ol N5
bl B D15 Y e Gl 5 1 38N bl e

o slaScitiadl ABadlal agle Y Llal Ll S (allidd 138
cpliaall el o€t g ¢ Sadll LIS o 928 aed clld (pa a8 il L Aapad
asle clldll) S agle o @il JSUie s ae Loads
(dlly Y ala s (J Y Ciual e Legle cinadl (3l (L gl pual
o a0 lall SIS Lue S8 (IS 3% L) — i 5 Losle canad]
E b Ladenl (oS0 G b b GEAS Sl ol .
Ui 5 "akiie agslad W jliels b yskis sl b Ally oY)
.t\,f)[\ s

O b S G Jedie e e WS ()Y aslad aaanl 13a
A a2y cud oS pm ¥ asle O (sl Cuodally salsd o
asbdl il osSe dmglgnll Al o el SSEp das Sl
Gl s OO coald I culS Ll Laaadl ol 13g) Al
OO e ¥l Gl syl gl agladl g5 6 (g2 o)
Y5 clgmas A pslally g V1 e (S (e | ES a0 ) Ll
vael Jf Wlglae ol ge Qi e LS 5 L je s S0 Ln s
JShy 4B Ll dgas e Aupspa e Lo paY asle (e

280



S Gasad s A iy g G eage b
Agliaal ... ) 5SS sl
oa ) g

Opbdll 8 s mdaud ae ) Gayey L JS Ay G )
Sasl€ 6400 Ly laki Chear iy ool il bl o Pl lisi
Sia oS0y - (leyns o Y1 Jumdl s 138) 1520 518 40000 Lelayna s
ash (e die 4dyas a1 Bsae G Y Selly Gajen cad e
@ilS Ga ¥ o b A oS Al sha G mie g e dlaeY
die oS el clBA) agyy (e D ) gegd Gealiglh Bkl 5 g0a
Soe Sy oSl Sse gVl deay S @ bl @Y
i ) sl Jag of 4dde qimamy ) Sl < S

by A Syl b Gl ) BB el e 8 B 2
S8 Sl U8 G lalica je 0 Asthall 42l (oY) kS Chuas
058 guadll o inall DN G Ay ka8 kaY L(1.11
Lla A gae S sl ol 2ed Loa o ad oy Caoudl 3
ilise e aalll Jll Johb led aall & (i V) b e
Of A a2 4% jaas (Rlad s e Ayl Syene (o
gl Sl JSal 8 e sa LS QY Sl Cal Caws 388 ¢l gul
bl (Y A e Gl 3 b 8 S By geall (8 aalally
i ghis phal o 10 ol sl Bk oo o IS cipl 3
dal e e Jladll ¢shity 1 5ilS 5 . agi glai "1y ple” 38 1S5 iy ) s
Lady d

281



1.11 J&
coa ) hb il Gt gl ) (D LS gl gy (apen 5 Dabaia

4600 — Apaall Claagll cuua (D)8 Aad Gl ) 2ag
Aial) Aedll dually Bla Lase gl dlld 3 IS L 138y ¢ aaglS
s Ll 13 e WLl (oS3 5 LS e SIS 6400 & )
el G V1 oo palih QB g se 530 (b sliely — yaill i s
Glua & ¢ gy Bl Lad Ll ) LS & (2.4 JS8 L) adll g
Liales 8] . A5ERAN fase () daa e g s M el g V1 G il
S a1 o G 1S Aasuyl il o du el lagen
S S 5 e panll g S s N B b
SSald QLS Ul o Ulal W08 4 s dadae cuilS a Y
Dhlially 4 ginall agDla y 1gali 381508 caagd S o Plake clale 5
Bose S ¥ o (o Al e el g8 b

282



einld L hla g Cal) ae — L) LS SEeY) 1
BEVMINUR LR [ V- RIS et I P PRUVS SEIONE 5
RIS T NN P RSV RRE RIS
& Ay 0 sSL Gl i g VS 35S (8 LS (g gl
S 5 SaN o3gs (lld pa cdiing (e llia Jla oSUp LBl laadiey A
A0 13 R Uy gt ola o

Cal€ 1Y o V1 ki Caal bl Labad gl ) 588 it
Soal e 1l 9360 aa (s Tl 5 lakiia ol (g S G )
38 s 3 ush Jsle Ll Guit of Ay ¢ lail Canai lual ol
LS gl a3 bamdl o Juasi 9360 — cowallys sl
sae g Aay ol AL 5 g pall Wa ey L(20TR) Jolay e yas
DRI N [ SV P R\ v PO [ ELNN IR T [P [ 35 B\ R P
SLaal Gy e 39 Epsh ) 1ysad 8 de (el o e (8
S s Bl ol e AR il L iy ge gl
Oladl (Jls) Dle bli Ciagid B dgling J b sacld Sl
Cilagial) Ly S 43 dea b JS i o(or i€ L al]
(201 JSaN ki) L lgads saclilly (saclil) ki gas] (e |licl)
oo el diagiud) alua¥) ol clalad lgaiesd 3 U50 Guds
G &S Akl e Buldy el e ADlall ad et (Say acldll
¢ iaslS 6000 e FSL m YV Dl ol i e gl o 5l
O3 i lly 1 glaia

z s g el dal e 3 00m N JSE (e ol 58" dlap Calgay, kit T
2003 ¢ chu gl gaandl b aglall rdluld
Lgha dpun Gl My oy ) kel G Jual g an gl Jaill g8 Jg 0 s
aa il . skl
283



2.11 g
(SRt ) i) (ol i gy papen i dadniia g (oY1 ) Aiial) iyl fape

284



o) sae GE ¢ eVl 138 Jga ¢ e abdl (Al Caudlia 8 s
ASY) JSAN g ¢ el canndl (S5 ¢l sl ma b ga akall Y
Al gasay Laicy (Jaa bty bsse J& sa ol Lo
Gluay Grass Ol S oy ¢GuliaS dartind 8 Ll S ma )l
Y cosill Jsha o Giigy Haal 13 o Gy el sl pasl L
Gl il gy 1305 diles 8 2a 8 ) B e o g
oo Zhay Al K Qs masly S Al Giay Lclelld
1 jiafins 99 alsh Jak Y ¢

OIS Y e 2 ey Osn el S 1672 ple
IS S ol s o (LAT G U e Aadiig) UL
(o S LS el 1676 ple s .ol (o 4aa i (e Uik
A o aag levey Al cpba cule 3 0a ) dege 2
IRIRCII AN [ YRR JEL NI VI IO e -
1 . o B Cdal Ay s dlasialy Sl sds sy 5 il
30 o and A a8 i A8 3 Uk 2 gl w0k oS
el sl b S0 eday a1y Gl Caalls iy a Y
oA 068 o g pa ¥ o s 18ay Lcadl Gl el
353 Cal a1 8 Ml eopladl) 8 Aadavia g o i)

ealall acinall (S e glall 8L AaaolSY1 3 g0t Cum ¢l B
ade Sy ofae s Loy Diel 2 g Jaill (g am S

L S22 a1 b Gl canly e chanly &gl 1Y Laaly sia Ly jis Alsh f
- i) el 43y 5k

1) oS Rl LS o Al g oty sl gl ¢y gl a7
iz cotall (S (S a o Lol LS

285



ABlay Gul (B Soaial) Grass aa Bl Gl (Sl LS LS
Gl sl Ga o (fan il Lind g m jlaal (glop 4 a2
CSls 33 2kl 58 LY (Ga) Wie ) ol 8 el 5 Sal
om b cAAlially RS AE A S e e ealdy e gendl &
il o O i 5 S el L jlan s cle liags 05
Cad GV o 1ouall e ST cand Wk 300 gem il Y Ve
5.5 5 O S bl gai Agliie LSl copkaill (8 dadae
(S
b Sl DapalsYly Apalll AL dpmeall o Jlaall sk
S 5sa (o sse msd = a3 Laxie ligie Loaie 205 oG
Gl & Ay Jeali 153150 (0 dleal W ge i ji 3 Maupertuis
35S ke adad M Gigal o ool paddy Al gl
US Loy coagy hlS ye ggisn 50 el Al RPN
o st iea L Lol el Cieliad) Jatl 13 casd
ple b Adaal e i ledee ol dlepiina al (oS e 5 A il
a0 by WS (opfiny aalath u b (b AL BaalSYI &) 8 1735
Laponie s 8 Laalaa) el i) bod diey cndadll 8 dpugd
23 e Jay sad it e gl Y L) Gy 7ol s AV
ary paaly (40350 e TadlSY 4is W) Jase pus s &G

o (O e (s tslaal (sanglly) N dea sl Al 4 53SoWD

A il
Lyl Aiagd ol L calS Ay 0 SY) Ay aall Gipm Lo
(s0ad)

286



Ciijsa (oS Ve sole JUW e s (Jae Ll Cluasdl)
G paailly ccagohll s g5 Ol g omise Zloalls spus
e ) (DAl S i L) a3

o 4ie el (SN 3 bk ol clag you $ 55150 Canill
g sl Ll skt s (g At 5 ST calS gl ) Rl Gl
ba b oJy 0 s ol (Al dagill ) clia g S sl e
Qs8N G iy o copifiadl Bage amy L oub b 4 Jskl o) )
O lesdy W Algde e Alial) L@l of 1silel y cagian e Al) pa
o LSy sy Candlag og Fpsise i L olad¥l (ge LIS
3y ASL ApaalSY! cuald g rdige ly Cligal e LIS Liad
A0l 8 die (ag (8 (i 3 G (g8 LS) @l

dadae ga ¥ b J8 OO LG8 e lia Gl caalally casil
1/230 4l Jsiy cisn OS) 1/298 — yoia ol 138 5 el b
Sl Agay e a1 s sl B cudl (17576 causs
L) Lagae OIS (b g s e JSE 08
roa ) A

Mo cagyme 1 Lgeedll sy L Je 558 ga)Y)
N dJL\.uu_)‘ POARECRPY 5S4 u_:_))r_\.us A e &Lu‘ Cre o0ty gl
a3l Rkl L gl i Ghgn Ly o Lle LS coli S
S SCRY W ¥ PV RPN W (R P R PR R PR WeR TR

G ) asis 13gd oS 6400 s co Sl (il i V1 e s of Loy
vl s} die oAl @3y kil & kil Caial Gn WS 20 (e LSSy S
287



o et agm J e B any 5 palhe CulS clgnii Jsa 55 Y
o LS Al (1851 sle S el e A8 Ll 5 el Ay el
(s sill Conall 138 L1852 ale 8 sl 4 el Agd 5 clinal
S Lkl st o gl Ao g yaat) 538 ae lin 035 (53
O Aala A o Gadaddl Gdall ol leaas A (g ale 0
@ Ay AhE U8 e Al @l il S o S cpaY)
ALY JalS (5 9209 el S e

asid) (8 (JAE e madfs pa ¥z s i Gle L1
zaslun G sl (s e aasy g Y S ey ol lak e sl
by aie dial ) Jolai 348 A aa gV 4 Jliels o sl 138
O ol ma sty Ly (S1y (QIS U8 Ak 4il Ak 055
Od o Al g 38 jea AN K el abaa¥ Lot isn a Y
el (e e i pauna 30 o Gl il o — sl Jasl (B Ay
la g ASH cllaadle o AalE 5 S Gl Y coad 0e Jsaam
3l (Sl A Lyats WA 1Y G ((iss Lualy
gy Gl sl 138 o cppfis

G sansall) Cogull (5 gindd Lpuilly Jile g ¥ Joss Hsae
o N Ja1s S0 755 o s o(Umadl Jom o 1 4 5 ()
D5 (b s Jpeany ey o plill ALE (a ) (s Luilate (ad
DAl ualdll Cda ) IS8 Lenm <l sl 23 a1 s
23 gl lemaa Leie LSV gadWls (esAY QSIS
Jos omxal 44lS Ly dan Admin ) A " el Sl

O ) 5% 4l i s (alil aill K2 il a1 5_SI

288



G WS UVl s Lsae st dles 1y omdll dsa
Jsa g_a\_).u.: (Al A8 ,all Gymy L) Gyroscope o s g yaall
Do ssaa se sy comadll dsa a1 sl el ekl
G Akl 8 Al al bl oo Cpailll ahil i e
(301 I3 Shal) Guedd) (pe Afiguall AU V1 Jiied Lgpnay

Al ghail calas LS caDlall liall guash 5 andlall Jalall a3

B | S o

[ 3 mS Aia

3.11 J<i
) i) (B dda B il B ) £ lelY) o gida g (papen i Jabada
A gD & 90
Oishe Dt gl LSE Gojad (1938 = 1920 e o
oaedll a3l (Lisn) U laca¥) o3 lua ) ¢l jSDla

g CulS a3 oSyl lal 5 Al gally () gaaly Lpd Sk s
B0 Aluall e 55 o oSa A il sl o3
289



40000 20000 45, e dueil clsl e Alude B .m0
B s e el e @l | yeee A 400000 <100000

oaibadll cclladdl e 33aldl Gl Ay CadSiu
Sl st o itlaial g 5 Sl And) 51 el Al duily Auluall
i 5Dl ol e ) e ke

Ching Sl o2 Jgagld B Flwdl clde s Gaamgdsall S
oo Ak lamia oS S0 i OB el g bl ey
Cagixill Gans o cum el lehashd b (¥ leila cud sl
o3 Jualil) & Jailly A ol guall cillaadldl @Sl My 5 sl
alad g1l
&l

GO Lan sl sa Gl A (LS Flal 8 S Jelad) oS 1Y
GO 138 0S5 Ll g o caaly ¢ b g — o 1 (3l
Liaf S0y (%20) conaS N1y o(%80) s V1 :opmadiy pile Ooa
I od canki sV Se s Sl Sl Jie S e e
Clelaty) W e oaia L Flall a8 1S 150 a5l
Clebadyl Uy o foad epdall il & dadlgl 5 00l dpwadl
G Ay e mhe Ge (ASud Gy da e Resd
Sl G Lo sy sl U8 G Laliad ASY1 ) <o 5

Bl b e a6, 5 el Al sl s g oS
& Agrigonte i gy g2l (e O jiagl€ Bae aey o (b sl ags Al elall
.Sicile Jaap

290



Gy 3 AL Aala ) el e B Ceffet de serredisal
Aadal) i Ledada 5 AaY) (uSas Al Al

150 5 lensis 1 BLAT T abias ) o3 dueS o e
e et ¢ piSally el puadll clilall Loe SISl sl )l
«photosynthése  Jgal S Al Adgmall  alalh g S)
o al da s calS WIS ST alaty o e S Sle Jad el
Saa alad gy Jomy S peaiy 2 lasall oda IS Lalia
@ S et el Al Gl SLE ) sl day plinle
cint Al e S ST ey 1388 7y il g S0 e g il
Ao iy sl a5 sad &ad SUE 1S ad gy col el
L5 ¢ gl QS Sl Giia o sSY e 3305 G s Al Aea (e
oS Ol ana palaid () oadh Lae el i ul.al..u sk
Lisna 1y 3405 Aisna de oy w2y alld JS (S 5l da al alisd
o paaall o3 Caaal Ui e g

Gl i adle Ay ) die Ll oyl b e Giay e
e sball Jal e Wgse clpual sda Cculy Cuay dala)l dag
gl Jia) Taane LSS o 00 Y 2365 Y 55591 03 (5 e
e cpliia 13 3a (50800 ) Bme — faa Tl LSS Yy (V)
LS alell Gulaall ans psall o Lag Lealia g daa Y1 51 all 4a ]
O3Sl S On suas ds sl s aadl 48 a (hul o g ¢l

LS il il aams pas DA QA‘;.;:JS!\ i g pas ) @35 g '
22 sial gl gy Sl L Cuitd ) rla) e b o
291



o3 il A Lelilacal @l 3 49 i sa¥) b ol s 3
Ging Cllasaall g el o qang Aaa V1580 5 e A o gl day il
A Al (5 fie s G Ciladall 5 i ¢
¢ palall Wy o 81y A kil ¢ g bl — 5 5 sl (&

Fud oty P s Al sls A ) g_,myss sda ld
o OV qoandl Leliiy Al Al $1Y 5 Slad iy Jadlly o yhuns
..\.\; :4\5 it el Liogs o
oa ) As

Andall dalall 5 g8l rnia o B el 4% e funi @S 0 Levie
Al " Y1 AL G Ui L) qams 4lh (GEES G L 3
Aadiuly (oAY) e laalaa) GBS aujla 3 Qlall el
Suild S 2aa a8 Al aay Ayguall Lo A DD g (S s
Alada s S 48y (G Er;‘i) Ll e G Al culy

Claay ol AES Clua laa Mew el ol el 3
S nigls aa; 188, JBL10 alell 4 iy (JED g Ll
S il 3 (e St a1 pas A yaas Ul e 7710.4 (a1
ol Jaufal e 5.5 as caaall baay b LIS g gl ) Tde gl

Lz 710 X 5.873 & psl) Alsiial) dadl

Alas) 3 i 28l Lagie ims 4l (e ol e 5 LS5 AUS o Ll Talay
ALSH Al Alal) Aleadl 3 pud STy (Rl o6 ¢ jiaiin) C.g.8 Aapil
LN ) Ay st e gl wxwuusn tpaadl o o gude QS 8 e 5
55 Uad dge gl AL 1Y ?“’/?‘J‘:l 0 Aaledl gLl A gl
5.5 (o Aol LgailS Laiy o(Apadlall dleall) (m/e&_);

292



chandl pda WBS of Lol a1 Ay Al 358 ol dagl
Koe sad s Al el e ¥ S A Al 2.5 Y]
Sl o S sall 038 & Lo L3S0 S0 dail e LES N ga )Y
Laa g gleel 4 e 5 el e

G Ansleal ol b VLAl aal 2ok S Gl 3
ok Ciuai A Y1 LS (B alndy aS 5 3 jee (Say
Wy ol e b8 15 Y Ly Jomy 31 il Laiy ol e LS 6400
Jalal A o padl (U)o ASGS) depda o asllly coyes
pabal Ainendl a ¥ S i Ayl ¢t Lexie S LAl
i A AR el e G5 g S 2D e Gl L
Sl asiy ¥ Gl ae alal) $ASas e Legiysy ol Lagie ST (S
o 1l Qe 5,3l Ayl clS 1Y i cdasal) (gl Giasl
G DA Ge dal Lyl e culld s o8 (Juaiy el
Glawall daa V1 @ 3el — el 8 A na il cdapdy — U Lehu i
iy A LY e IS L Adlinadl G YY) AR Al Ll
A laelaad () e e Loy 5 cbasey o o el
LoV s i
A G

leoriis A A8kl o 5l ol ¢ o sadl Jpnalis b Ua Ja3 ol
el (ge e 3a U0 A oY clea s Loy oY) DA 4 e
i S | glat (S Jan Saie 3 gk Calliin gy lall Eyal)
lgmaa i 3850 panl 2 aln gl ynd aa k52 asall 13 . ja sal

293



e Ao (o Aian 555 0 i Al sie Leleal cuia ) Lia
e LSl g o Lyl il 58

Gl ua N N A fcloha las b L
e OS Jady LS la gal) 038 233505 . g V1 5t Lol gl 2 Y1
o et 13 L(Aeladl) sl (g elina)l lea Hasaly
525 Ve Bleel o ndaiad eaila e (S L lgaanis oY)
Al LIS Laf asis (815 o35 3 Al Jla s
Y S Aaf L) Laf 5 Al Cotne 2ag 4d & Ak ol
e o claadl e i I laall oda cciladdly Skl .
Gl 3 3 laal o3 LAwadll de geaall I cillaall e Jilay
O Jd S SIS Cda e Alie i gl ol dia sliadll A caali
LS IS 6t S aml 52l 538 (90 - N Al L auls

bl Jiall Al (Ban Lo S Y il cany oS,
DS e (B 5 ) A paal ol ¢l y ualal an Y
(g 5n lina ¢yl 1) 5 adl Aa s laaall (e 4,40 Ly, 3
Laad cliafy Leli a1 5 S0 3 aed 3 o(Ra 5000
Sl Loy lakalill g Slbuall s alodl e LIS aidall

P . P TR 1 PRIV i VONTRR WO VI RO |
Jgall e siagl€ 3000 ASlawy Caheddl dyliy Adana (e g
il L Ailia By a3 n 8 et siby AL B3 Japad cilal
(o spanbiall Aol 5y Sulss a7 sacaie GpauSyl Y Lea 5 yldl
inall 3l e BsSe (el o sl Sl (e Lue JSiE

294



bl Jiall Ay B aedl yaall 138 s Jeigy (Jibad
O die B Le pa LSy dum Las Lpagi ¥ 2l Juiniy (oaia !
olaay lgie e cRnablita dsin — A Joia o Dl
s puSle
ga ) e

53w BSSE il Gy (50 o ¥l see ¢ pinge 7 sk ol
Dol A8 e S g alally el e IS5 Logd 35050 4
e 0SB Osen O e, Jied Al ey sl
Jsls el e ol pdse Y ddall B YniaSs (Ruaall La gl guall
QA sl (Sl a1 see g siase el JSE b e
oasi Ladie 5 all Cla yo gl Gl lgia 20 8 (IS .1850 (M s
38 S el M aalia) Jlae Ledyy 3 5 el (Y1 haly
cal€ 13 af el Ll Jsa 4w s Juael Ll Iatie (g
dey L) s iy 3 Y)Y Al cGandl pn a5 all Aa 0
Sliely (X A g ake 100 bee S a1 o led il ¢ 5ol
Laf con Al ouatl) o (13 33800 5) Rasiall & el a3UAY
A gl 100 22359 W see

e s dld S (i ¢ 5de 100 :p LaaYl | g el () gua o) gual
AT Lad g i 3 miy g S 18 5308 ST a1 o 55 B
o Lunantg 1) SY1UIS ¢ gl om LS oa sl e a L2 4add
Aol Sl el e 538 Lagl 0S5 o S 350
Slo Al A4y WU Y1 e g 8 el Sl e

295



il ) b eyl S5 sdeal i Ao AL
gas csine 3 in g Sl 1y Les il ke e (B LIS,
doa e LS @l

B Aelady! GlESY dam el "cdK agel et e clal
AeladYl of (1902 ale (b 5 oSS aw e IS @il oo
@ OIS g 3gm g oay LISV 130 o La s Laghy ) 5a (3l
¢ Ao ((psmbis ass cassd s Aadall yualiall SlE
egie Jfiae JS5 Ands glasdl (Y a5 0l Jas i o) sual
o e GHS 300 L Gml ) YAl a) (Dla e
S i 05 (S 1l IS 350 8 il G sl el A
i s gl o Lt Lelalay g S (g m3 f cany o380
g i DS e gl e 1S 050 Glale (gelly e Y
gy & el

L oa Lesia e (m Y s oS Qi Qa6 e g
ol (Anmlyy =g clan Sanll (IS 340 el 5 A lady) tlad
sl g0 Gyl daland el e aeball aadl
Cua oAy 3l 380 a0 Apaadl Al WlH a1 13 5 jualas
on Y N see OIS om0 ek gl e e sl
0 3 (Say S Thually jeadl 138 oS (S (Oaiall O jlle 45 5
Aga o oS ol mesin S Laf Zelad)) g talea
5 el JUad LS e L (s AYY Readl (e o sh Sl Y
sl ) e il e lady)

296



iy Y Aol dpallily Joany eled)) oSl o (Ll L
Y il gl deasy o oS Y Cuay cdilhe Al ade
Sar e s A ASes) dsall Yy baall Y6l al ds
acliad) oSa o s (Ra edls (S e of (a psdl ol o
g3 5 poalll g pall aclind) (S sbatialy clelii ) SY) b sl
o JSy apnl ) Sl e lad) o % 1 S (e el DU el
dane byl e e s

raiall g S8 (A jeaiell A e S e Aol ddgelas))
M sl cisl Gl 05 (U i aay Uyl
508 Ae pu i Y Leled) Ve sy e bad 2 (Jlaxiud
Ay 8 Lall sl L oaslandl a3l e o Al L Jae (5S35
pspli sl L (Slg camydlly cogsnil sl o sl oda g ¢ g
ae bl 5 3en 819 U puiy (5 130 5 s AT Y ge O psan sl
PEIRCRPPRCA - Ny FOY' BPX\ R o I A RV RPN
i 4l oK Al Ga N A sl 1 L e ) atn S Al 3laY)
Joa gl gall Sdaadl chronologie sie ) Julud 42 Lual dls

S oe ol el s b o Gy ol agll
Qoo gt ey Jubd pumy & daall 1 diadry ol gk
(S I i mae I caaslaad Gl and oS cclbilaiaal
(ol I I sl Bk ) s JS Al ety
e JS o=y Ll e s S cobisin colshi (i s
A gl ) gaanll (3855 Gl o oS o Uy yre oS ol L IS
s ela sl o Coym g saS L OIS s>l 8 dlasdll

297



Al ol sill e ¥ AaSly (S ) g b 2ay g e ad G (gl
gl o3 Jaali 3

basloall (658 5,80 (Glhadl adl duludll Ge lae (JXSa
et S o alad Ladie sl 5 pmail Glo Y L gl gad (ol day
b oY) s g daar Al 13 L oa gl all Al A6
e ke 4 endl e L L S saaall LAad ) duge dag)
550 e ek Lede el (e 3 Ak Y1 g Ly
13 590 Qb A Jole 3.4 3k aa g ka1 I (80 i o sile
3 a e oclll e oyl 8 ClS Bl (e oS A il jUle 3 i
e Gkl Ay olagd Jal e skl &y 5 e S A & ke

Lt O Jas bast o 8 daglaall el U
60 o Tl A (ke 150 B A (5 sale 300 «JsY1 ol L4 sluia
Lpde lolS S dpaladl Ly, o) A cpdle 4 a5 i o sle
ey 6 0 5w Cadhe 4 3 §eds e GladYly caad At pad
G obaials 18 13 ¢ sauall (Y die bl dn )l ae Qi
okl kil Cpanias S ¢ pa ghgnll pkall Jalsal el Juladl
(ish okt nar o L aaf Al 08 3 eyl ((uilaial
Cladglly VLY als JS8 Cobu Cus (ssms i Jish
gyl 5 Absbiaall . lizedill

Aaw Wl 45 boyee (a3 Gl coeadll WS Soa 1 e
el saclue Y ASan (6 Al laa d23 dee S eal) 38y
Aliey sgh LIS 1agr Laga Ungi e (m il oIS ol s .l

298



o el e | jliel L pa sl gl Uiy a1 Zuilly ¢ B S a5V
M uix gk dmse (pa Yl asle aaiE Cagn Agsll el
5 AT sl (g3 2y 038 5 ey gl L gl adl f g il Ll
Aaliaal) 2 )

el Judull aa Zelual cdld o5 dgaal JSY) 2 lmuy)
Jash iy S g ye -y Sl LIS eans 4l (e lalY)
Sy ombmill Cpen dads Y et baals S pa ) pha o
DL clas At o gl . Uaa¥) g # LIl b iy et el dia
L iy oy - Clgua ) (5S0 B 3 os lliyall o3 .l s
JE (a8 cdamall 348 an dlal 55 o A Y sadll b3a
Dt Y1 Laf oy pmay asaal GV Base & ey s o lad
Ay (Pl i e Ja) e Gl a ey dadie
ey Laxie Uafy cdandl B jaime G o Sl | e calS cillagadl
a5 g Al o YAy Yl

OIS el il cant s Lee ol ypme o8 Al oS
o L &Y Gy e el (il o)) Bla oga g iy
JS LS salal) Juall &b 8 AalSol clelial) o i dascaid
o328 ul€ 9l K Ghie sa Lo oSIy A ) el o ¢ i Lesan
i sl of Y (adall A ey dypnsh Al gap oY)
Lzl i e hel A <1970 = 1960 < gl 3 piliall
bl e 5 LS Al

o3 s 05 Al (Ul Y asle 5,8 aal A (LIS 1
sk e B OIS (1910 ale B ysad 2 dl o 3 cad gl

299



G i L) Ll Al s (S o aal o el U
e ol sxige Aaal 31 (k3 ol sale) o ol Loan a
1960 oo b ol & Ala @l ae cilS Ay ikl s
Aad cnd Aalh alaad eldall Caiy A cllaadl cilisid
S @y Ay e cnd usbial odgd LAdamadl il el dalal)
S S VINS O I VL EPPENERES T g | R RO S g TS PO S
Ll saall cand e 1000 (ae o dadly LY oSy 25 paiman S el
038 5 llaaall A S (4585 a5 AL J (O0SIL 238 al Y
Ay s Jal (e ol 1 038 pieay oy JS8 (ains eVl
il Apghlinad o Alsl dm gl 53k 5 s e AN S

0o emuhliie Jing dalue (g V1 o s alliy e Cag e
Osalladl (g (s 5at (1910 aladl g 48LIS) 5 La Jaa g . Jads Juad
oladl Calti Lgild AulS 5 daa 2 50 Ledind . g o9 () 50IS e (pppaat il
Lhlie duall must 18 dian Cipgls g3 uhlidl Jial
Jsas e Ul s QI oda of e . Asbliad 3,903 sy | ks
Al 5all 3S pe (B Jamy IS A g 3l Ledldis) 48,18 5 alh
oY) pebaliaall Jisd o) T8 e IS 8 ASKI, Ayl
bl (el il maay dime cllial b L oald B il
copSally uSall 5 o giadl

Glual Jxiad Bg Jall pebliad Jiall (i Lexie 13
il (e ok il duall 8 o) sl Jaall ol A0S,

pa sial g i) &y 3 pall ALY (30 g = Lk i 8 Aiae |
300



Laxie lillsa o Slea 39030 3 3L wosil Jiadl ()5S Lasn sl
DAl cala e O el (8 oo Y1 uaslinal) Jiad) el
Lae el 30 sed oy Jindl o o(Adeall ciliageil) el
oda s el oda o sa cload g1 oK1y O 5ty candgn LS
iyl s L) el Al 5okl daudl e gan el
Sl e 2358 Slasadll Zaa o (8 e S0 4 o e dpilly
588 Cela La (e 40al (398 cduds Capall S 5e (e Caadadl Al
Jsind at A cApblinall Dol lgaw 5 A T30 5 a8

M e pe ALy ils (e 5y sinall el Auplaliadl)

&b dagohl a3 Gl b a8 Y S sda cels

e g O8 Gua gl hamall (8 Aage A OIS L zawlS
o Jie o) asle 3 lad Vsnaal 09580 (Dl clguin 5,300
& Dl S ugile (b Aagshl pae . DISu sy S dle
Cayny al ccamd e 3 e ol aumg adl @l G o g A
elSY agdl alay Al 4iud j0 3l Jlaal Baigy o 50 Ay Caaly (a8
Andi] 33la 5 5 5 Say LaliiaYl 4uis gl By ((smgabag g
Jia) 3 ang n claaf g e of s ALY e (Blie Jay b
2l (g3 (uptle o paad (5o S aad @l Hlad b oS L a
lgne g cpm sl g O die Lpdalinal) "3 30" oal g 138 5 .5 ,Sally L
ublinall Jisd GG Bl Gl Tl p g g Ak

pa iall gl Jlea (W 4 haiia ala :peau de zebre !
2 yial) expansion des fonds océaniques = Sea floor spreading v
P

301



& aly adi G 8 Al cangll 3 jals Ao ju ulids 3 ilie K
e (fd 13y . il Tl ey 0S5 30 e ull L 20
Bae dmy sk Ciges Al 038 f 5y L sl ol i o
gL L Al N6 oed) pdliall dag 4kt Y g
(osle (13 JS& L) <o

PR R ISR N IR WO SN -
i lgews S 6 sl Lbad)l isll 5 gue o caladl
o ol e A S0 Al el B LY L e puindd . e sl
Calanall 3 1ana abis Y cuiliall 85 peane culill oo ol sal Lt
ey clalaia b JA5 caaih ST o i JB LS 2155 Lo oo
(Al el Laiy 3 pile 5 Daa Slamal g Y1 s o 88
o 3813 Jaad g Al

ClaSlaall JS Uy cuilioall ol 65 A jlai oyl asing
dse ol padly ale fae debual g s daad ol
Gl a1 138 L 3aca V1580 (5 e o Al Sl of o L sl g
Al sa dcgiage o J @Eal 1Y iade sa Aalitud Ll
Yol Aujall sale L el § gnge & Bhadl A PIAT
el LS 65 i Yy dkie Y s ) e senal Yy ¢ il
A dgeaidl i (a4 A sk digh s2e e Lol
SN ool jlaad) (5 AT S 3 ltia s LeS sl agd s Led )5 46 jas
o3¢ conall Jplly calagi ) ) cliad palad) Cndl 2 g eyl
pray il Al Bk o Cus dadadl delaall 8 (e Akl
e AaiSa A8 yra o3 CailS Lo JS Sl

302



cliall o3a @l il Ll agd e S 5 Al dls Ll
Aon i ) ol ol S of pliad Y D 130 340 S g
o i ) liall Cilanall 13g] Say S (Sl L Jalall il al Llad
Lad 5 Laf 5d i sadl W L San e ¢ J31 Aol cclly sy S 0LS
oY1 3 land Joath e opindl e pad . oa sl gl a3l e
Sy cla Bl il JS3y il ¥ el Jualy copdill AL Auac
B a b b Ann V1 AEY) aend 188 5 Juatls Jual (S0 Leagis
G Calandd) ¢ pulalindl Jiadl 3l 8l (ol (14 JS2)
s 2 (a M sl s sl goballys ellivall oloaS5 i sy
ey Cilide 3 ay Jual ped oo RS el L @SS
Aale Y1 sdgd Al ) e Jeluis
oa ) — el

DY Gl Lovie Alea (o Cyaall Oy cdiaall Al AR 8
Allie Jladl 308 J5S5y (Linny Lpamny At pa Jal gl (e e gene
Ol A oSy caels AiSla A olly aaly ¥ o )l S
s ol I 1Sa 5 ASaalin dlea J&y skt Leiy Lad b jualic
Ciline g elaey) calindd dalaall e, S 8 Al dlaa
s alladl LBV agll Lo aly LY Apailly duds e caillagl
LBl dpenst (A Gl " e gadl" 1aa iy Jgad (Jalit Al Al

Al )2 ok patlie Cynall alall ol (ASaalial)l Joall 038 pgil
G3Soal gl Ll gl Hlastiuly LI #ilall Y 5 gh) satie
ASalin Aax (& oY) Db 1 ) g8 ool Ll o as s )

303



St W) ol Al Aale Yy Al eDlalEl sae ga L fAleld
Jogall 2B 13 DA ey AV o Lagie JS i sl
el A gy Geall b hadid g el

Cibadl ae dud Dl 4 g il oligs o ashily
i e 315l y Cidanall e JS Jae ol asdl 8 4 3,1 S ja
i e s fhale Lnf o cllad o3 Ja 1y AT Legie O
Lip da fplal e A€o0 cleliadl gaal ol e Lol
S YT el el Y1 il Jiall DA
Cilgaly ccalanall b aaa e Gl Al Gl il e GaladY!
Sl b graally

(W 3 (a VL Gald s gty el JAlD ollia adally
sl Aga A AV S ae (Lo sadl) (sl D Al ey
by JSS 5 yieal dall pa Y QS Jesa b ol CDI)
alall sal (e S L Y mh o sdiea) duall saldl (he 486 S
che e QUi Lol Gagas o e o Wkt des sy
Jsais i gosaddl Seal (S5l o el Cogra aY)
& W e Jha omeSl o Giasmay sl e 5
DS G 13e S 08 1Sy — A g lle e D G s sV
O celaial (i gall & cpumm A bl L ga )Y Akl
oAVl el pmd Cojliay Qg paally cule N L ki
O e B ae — el el pad Gl fli)y el jea CailS
(Aashsall clalaill) s

304



QS CELNE E R W JUS PR WREWRE R IV
Al g A gall Claeadl b Aala < o Bass slad e (a )Y
e 4 O eanl s gl Caan 2 ol s o o el gl ke
sie 4 UaY) 138 Gaua gy el JAlad g bty dal ) o sy
2 0SS Ga Yl ol e Y ol Jin) () Jsean
oo el Agadal Clial Jeb Ge o bl sk dueas
Gl yahll e claln Gaas L e cliall sda Ll el
colay Aua gl

S e ol LSy ila 6 Laf dm b dllia oy
Jodsad Gy Saldl gy b md a AY e
Al Lalie et e L ALlSy sl (S am )Y e
s bhaee A1 Lgilla () Alasll sdle) o dany Gy Jeli
sl g et A LS dlad 36 s el pundll il
o) ¢ 1 il () S bl sl et ) a2
ey ¢ e Y Ll " 3 e Llial)
e dals — ludy)

58 daclial (Y1 M e o qang cghusa B 3 (S
Lyl ST Jaae e D sSall Ol Ll Las Aals oAl A g
Dl sl 50 o)lel Lde Gkl Ay el A K e de ) sal
.Noosphere

A e 1 g oble Tw e calgall il 13
Jeil Y a ) Alead e elad (91 e S5 ol
axdl 3 jnl e aalll S Gl WG Lagga e la

305



lae Laf L Jo 2l (@lulSadl @l disme Jy sl s
el Qliel 4 gl hil 38 e Al )Y did
R L IUPRTE VS [P0 I IO [V LRV A U,mumu LSl
oS d ol S Jla g ¥ e 2T Gyl — — laeliad
did e L@.h.u el o s B ) g o sall 028 Jim el
Oyl Canly A al GJL:EI\ &b Al il g il e g
A el g candl g0 Jitially 13

o il s gl € slendl Aasiad (DA (e cuSally
Aoye (m Jalaay Lewoas by — 4 Pladl gl gl o
EDE Y ecire Ape (g abay Apal g ey ol e o Y SDB
59l shaal g G it dagr Ay Jale 1S LYl . s
ZIoaY A ebal ais dine Glilie sdglell L gl gall Al
Jel gadl 038 . ¥ s o aaad Jdlse LedS i) Lol
Loia oo Ll ol (udle sae Sl laoah el L1y
odal 1A jee rgmg g Uil Lo S5 10y i Y] 4SSl
a3d dale osSiu L o o Sl sl o 380 c sl
@ ey 4aadle 5 dlld #Ola] S i caniy gl OIS 1Y € uai
05 Sina

Loaglsnsns ¥l ta sl o le a glonatd uan alig 50 12
JI o e Slua 45 08 Y 5lun (W ouiy LS ... Antropogéologie
coodad ga g Axiaa Looid) V) agle b Canll 5,08 aaal ey AilE

Rd

306



il

ccilydl 138 8 3ped ) Bul8) el 3l A e
gl agle sk oll3 3

(ila e badl Joud 358 e Gad asdl Al
AT Guila e gl g Y) Jd

23 ¢y sSi llill ale ¢y V1 agle Alll (L gl gul
i adl g galall (Al asle G sl

JY PGl iy b S Ay iy A o L6
Jeadl 038 el colsaslly el o A ol Lgie
kel

plall 3 jelia vop ol JS agd o (e W ke Ll
copllall JS AT S o imge ) (S B i
ey

R

307



Gl

aglLEIS) 5 agilualiatil g agibuda g Sl 3 ab Glaud 33 o) slaledl aaly daild

Cilaadiall 9 claliasyl oakalidy) Asia 3l b il g Aswial) )
Lial) L y2e e Caguld  2.3270 - 341 s Epicure gl
£ il el luadl g e 1931~ 1847 (o<, Edison Thomas e gi g
Odina s} Ay yla ¢ Y1 Jasae S e J S oab) S8 L5174 - 276 «Lsm  Erathosténe oo 5 )
Plan S i gl s e easad | 45k B ebly L5212 -287 «(SUm Archimede e Jf
ol €l LS o8 1851 = 1770 ¢ Sjuils Oersted Hans Fa s
43S 4 yed) e 50k 5 Bhaiall Cagulidy e 2.3322 - 384 «JUw  Aristote sha
oY) Ay i &y ks > dma  (husl Hgandl ¢ owisd Oresme Nicolas Y S a sl
Taale el (a9 &y 5l S a3 230 - 310 «Us  Aristarque de Samos (o gakea g3 iy Jf
1922 Ui s chasana slach — il 3l A< eSS 1945 — 1877 53— Aston F. William abilig . () g
La e Ayia b Sl el ae e s e S 1856 — 1776 « J—had  Avogadro Amédée Cradaal g e gl
Landigh olacYl & ks @by e bl ol Uy Euclide oub8)

309



W OS5 Al e e 2l

D 80 S d Ll cpahilind s & il
i Ll ASAIA Sl Dn 5l 50
1921 Jasi ¢ gt 5SH lolSuall g il

1909 Ji 5 ¢ Saaslt o 3 5l 5 Gy jaill

s 05l

rbb f,m salall r\..b_vv »rqu_ Avb.Lt‘ mﬁr_n_

T e e wb-/bv

1972 Ji g calaza¥l dyilass

Aal) Aganil) ) (s guia — AES A
»r.LI.—W.: 2 Haul an g g Saa
3l g jeiiill

P EVENGS A IS ) B SV LTS P SV NS
SYlaaay)

Lol 3kl

Agalall A jatl Gl ghall i

Lﬁ\rn ?I.»Vtrr._w abmb
b Sl
solaal Hhie

EETRT
o gl Al 58 ((SI

gl ¢ S 58

435 — 490 (S iy
1836 = 1775 ¢ i
1836 = 1775 « i
1955 — 1879 « il
1932 — 1851 « Sl
1854 — 1789 ¢ Sl
1926 — 1853 « g2l sa

1929 Avrn h‘m ar.vhuqum
1944 — 1882 ¢« 3—isil

1895 — 1822 ¢ y—ui b
1662 — 1623 ¢ ;i b

1292 — 1214 « 5 )i

1626 — 1561 « i

Empedocle
Ampére A. Marie
Engeles Friedrich
Enistein Albert
Ostwalld Wilhelm
Ohm G. Simon

Onnes Kammerling

Edelman Girald

Eddington A. Stanley

Pasteur Louis

Pascale Blaise

Bacon Roger

Bacon Francis

JS gl

s b
b b daad)
il o)
alglig 2 g g f
O - o
il palS G gf
A Glalay)

M ¢ iy

gl gy

b Jldy

Qagy Ossk

el 4 () 95

310



il o 38 30 a1 el sS) Lualy sy
1917 Jigi ¢ paliall i adiha g & Lyl

asill ¢ g il il e guiall Aoy LS

1915 Jisi .55kl & pual

1915 Jisi cisy 5kl o gucl

Ja3 38 n leai 777 g SIS g

OV Uy el s Y e s ol
Tl Vg 3 ) 5y e 3 g gl 3 gl a5
S e guiall Ayapually dumgall alliadll
1922 &g

eV 3al 7 cailall il oo Gl Cala
SN S ja cobaliny g juell

1929 Jasi Al oS3 3,0 ¢ oo gal LiSadd fase
Taale o ey (3 yalh i 08 25k oo gl
Dl B Al iy ) sgaall Calse

1918 Jyss kil 4 4y k0

PRI A TVNS

R

168 — 90 (S iy
1944 — 1877 « 55—
1762 — 1693 «s 5—iS)
1971 — 1890 «s i<y
1942 — 1862 «5 53—y
1601 = 1546 ¢S jlails
1822 ~ 1748 ¢ gmmsui

1907 — 1827 ¢ o b
1962 — 1883 ¢ ;S jlail>

1922 = 1871 ¢ i b
1782 = 1700 (5 yuu
1987 — 1892 ¢ s—uui jb
1600 — 1548 « Nl
o 348 — 428 iy
1947 — 1858 « Al

Btolémée Claude
Barkla Charles
Bradley James
Brag W. Lawrence
Brag William Henri
Brahe tycho
Bertolet C.-Louis

Berthelot Marcellin
Bohr Niels

Proust Marcel
Bernouilli Daniel
Broglie Louis
Bruno Giordano
Platon

Plank Max

39S pad gy

Jbd 3s L
o (A

S BY PN Y5
SR -3 &\
S840l

ond —.d (A
Ol gaba ol
A A

ol Cann g 2
Juila A i
ous A5

S s

OB
usbe DL

311



(omSle pe) <t ik S a3y ks
Ly by g 0l e ladl Tabaaza)
Nl Claa

Ay ysgaall ui)

3 LV._ [RYAT

r.bn_E.b.u a—OMO l—o—w

Al Lo sl s il o liadll elilSya

1954 Jugi ¢ oSl ilSsa

LY i ¢ inal i AL Clual
1945 Jusi el SW ¢ gy faa

1962 bl Jisi 1954 elasS Jagi ¢ 30 oS il
el Jaaif g s

1927 Jisi el paYty uaall (e e Cililye
ey oJsailly Juy Al il ol

1903 Jisi ¢ il g ganhll ¢ lady) L)

«CNRS C.mt.ﬁu Cb LS ».ubuﬁbmﬂ 2 Clua
1926 Jis

Y
S 5

CL..br.C
A day

=

Ut

@l Jay (ol
(e

s

S

b gl

Ay plle 4 cils
T

o

1906 — 1844 ¢ 5 e
1691 — 1627 (g2 5
1840 — 1781 ¢ i 3
1934 — 1860 ¢ ;i b

1942 = 1854 ¢« i b
1970 — 1882 ¢ (s sy
1956 — 1871 ¢ i j
1958 = 1900 ¢ (5 _ym su
1994 = 1901 « S 5l
1899 — 1811 ¢Sl
1941 = 1859 ¢ ;i b
1788 = 1707 ¢ s j
1908 ~ 1852 ¢ s b
1942 = 1870 ¢ i j

Boltzman Ludwing
Boyle Robert

Poisson

Poincari Raymond

Poincari Henri

Born Max

Borel Emile

Pauli Wolfgang
Pauling Linus
Bunsen R. Wilhelm
Bergson Henri
Buffon G. L. Leclerc

Becquerel

Perrin Jean

iy g3 g8 (e il o
Ceu s
Ol 32

L gayy 5 M 5

sAh g 5
ossba O
el s
dsadlyy Ao
ou il &l 5y

pligdig - Cpad g

312



Gaighl oo sl ZaD Jot

1937 Jugi e sl 3 Jadsl

SFIO 2\ 5 byl 30 ya (w3

1906 Jisi e Jall 4 Al HeSH a0l
1965 Jos dsamall LN

5Sal) lSadt (Ailiasll ey 5l

ALl ala I Al S edguia S Aguaplaliaal
S 54

(s> Lgiay 5 S Alile) Alall Capiuanll
1935 Jiyi igclilana¥l deletyl

1935 Jisi cdgelihual¥l duelell

el Sy Jawr gl ¢y Jliall gy il

B0l Ll wsalial

1991 s caalall by jud

Ops s Ayl gandall ) phaill 4y 5l au e

by oS8 ¢ Sda
A

@b da )y
(P
>N
(P

Sy Gk
<l mF

e i
AbasS (Al 5
s e
By ey Sl
(o

oo e

a3 456 — 625 (Jlig
1975 — 1892 ¢ 3—i<i
1914 — 1859 ¢ s
1940 — 1856 « 5 3—iSil
1920 alc aly o i
1903 — 1839 « (< ,dl
1603 — 1540 « g >y

1836 — 1748 ¢« osui
1958 — 1900 « ;i 5
1956 — 1897 (i i b

1844 — 1772 ¢ i b
1927 = 1857 ¢S kil
1932 oo aly ¢ i

1882 — 1809 ¢ i

Thalés de Milet
Thomson George
Jaurés Jean

Thomson Joseph

Jacob Frangois

Gibbs Josiah Willard

Gilbert William

Jussieu Antoin

Joliot C. Frédéric

Joliot Curie Iréne

Geoffroy St.-Hilaire

Johannsen William

Gennes Pierre-Gilles

Darwin

eyl oudd
To5> Qs
8 e
iy g () g 5
gl B gl

S0k Lo e
pliby Cdda

O sl graaa
b . glga
Gl §0sS s
BRI INETRVPCTY

by Ouulla 52

O

313



GLES) ¢ ¢ myadlly dygll d gl O3
el (il

1937 digi el bl & Jall

Qe liaall G0 3y ks (dgallall o g
Ll y L sl s il (o gl guaaall
a ¥ Ay <

a0 e ikl

LS am pfaa) Glall e daugh 2k
Tkl Y sl e Jgad

1933 Jagi el us Aslaa ¢ 53 S olilSin

¢ guall LSl oLaldatll Lusigh ¢ 3all y ol
30 — Zuoldl ey judll

1908 Jisi 3,3 31 g5 CaiS) (24 4alh o 3adl
il 5,6

W oa A 0y g 50 s sl Caiaal

3 (S

Y

1823 — 1778 ¢ 3—i<i

1958 — 1881 « <
1844 = 1766 «.5 3—iSi
1996 — 1919 ¢ i
1524 — 1469 « M= 5
1935 — 1848 « ol
1982 = 1901 ¢ Sy,
1784 = 1713 ¢ i jb
1984 — 1902 «5 3—i<y
1650 = 1596 ¢ i s
-3 370 = 460 (S b
1937 = 1871 «5 53—y
1892 — 1823 (i jb
1957 ~ 1877 ¢ S 5l
1970 — 1888 «gailsa

Davy Humphry

Davidsson Clenton
Dalton John

Duby George

De Gama Vasco
De Vries Hugo de
Dubos René
Dideret Denis
Dirac Paul
Descartes René
Démocrite
Rutherford Ernst
Renan Ernest
Russell Henri Norris

Raman Venkata

S ohan Al

GSES () gunidla
O sl
T8> (s?

SSuld Lale 5

39 g (b g
Al O e
Qa9 g

dae &l

Ay @l

Ll B gasa

Canadf 39850
i)} Oy
g b Sl
Llsid ol

314



1904 Jsgh ol Jadl G8ES Ly oy e V1 i)
oM Uil g1 5l co guall de s
1901 Jush edginadl dadV1

1928 disi cosma Sy, o5

Ljlsa sl

1902 digi ep a5 Gandalinall clay s 5
1919 Ji g cholaggad) 2l b &l i i
Gl iyl 58

PR IRV

1921 Qg edytashl i laly)

Lo o guaiy ¢ S5 o lell 5 5

1935 Jigi eyl calins)

1943 Jigi 055 ol pualalinall o 3l
1923 digi 3,4 o oS elilSyn 3k

¢Sl Unidl calua da gias ol g il 8
Ga ¥l g

T

oSl

ERE

Pl

alg

S

S

2l (Pl
o gulid

| Shas
OS5 o gl
ERE

ERE

ERE

rVF f,ﬂ._f.bmw ,fcnrbf B}

1919 — 1842 «5 i<y
1710 = 1642 ¢S jlaihy
1923 — 1845 « Sl
1959 — 1879 ¢ 3—i<y
1761 — 1689 «.5 3—il<y
1943 — 1865 « 52—l s
1957 — 1874 « Sl
1903 — 1819 « 52—l
399 — 470 (Sl g
1956 — 1877 «g 3—aiSil
1930 alc aly ¢ i
1974 — 1891 « 53—y
1965 — 1888 ¢ Sidl
1961 — 1887 5 sb—wuai
1642 — 1564 « I 1oy

Rayleigh Lord
Rémer Ole
Roéntgen W. Conrad
Richardson Owen
Richardson Samuel
Zeiman Peter
Strak Johans
Stokes G. Gabriel
Socrate

Soddy Fréderick
Serres Michel
Chadwic James
Stern Otto

Shrédenger Erwin

Galillée

L A

dsl sy,

NS .9 adiyy
gl Qs is
gl () gaud NSy
Fu Ol
oadla g & L
Juss .z d g
b i

b A (5 g
Caad gl
sisl QA
G S gy

e

315



S a jlas gl

Gpehlina ¢Sl 5 dphaliadll (¢ gunll
Al S ya g 3 ) gea

asmaludt J3e ¢ el GLESSH (i Yl saa
markalial S oy pall (gl i () il
1910 Jigi it gudly i Sad) eyla dstae
LS Al 50 —1Sy ol oL 4 sl
1925 dasi % 05 S prua 0l 8
i fage = ¢ guall ccmYLaia¥l calae) 4 ki
Lelall ) 4a

Boall o3l diia gaill ¢ guall 3 ks
o1l Lk eay 558 Judl

o il eV 90 e guall ey
Qlaudh sl hall ca glall anis

1914 Jiss el ol 3 Lyigud) Za2Y) 21 yail

e (i guld
B (S il
S eliga
eS¢ Sl
FoasS (gl Hs
L

@b oy e
LBt

=4

glaial e

L

@k

ol

s

B

1655 — 1592 « i i
1855 = 1777 « S
1945 — 1882 « (S 5
1850 = 1778 ¢ i b
1867 — 1791 «5 53—y
1923 — 1837 52

1790 — 1706 « S
1864 — 1882 « ALl
1665 = 1601 « o 53
1977 — 1902 ¢ i b
1827 — 1788 ¢ i 3
1830 — 1768 ¢« i b
1868 — 1819 ¢ i j
1757 = 1657 ¢ i b

1960 — 1879 .ﬂ.[ﬂ

Gassendi Pierre
Gauss Carl Friedrich
Goddar Robert
Gay L. Joseph-Louis
Faraday Michel

Van Der W. Johannes

Franklin Benjamin
Frank James
Fermat Pierre
Friedman George
Fresnel Augustin
Fourier Joseph

Foucault Léon

Fontenelle Bernard

Von lau Max

PP
A d g e
Sy Mg
ousl g o F
Jaduaa 5101 18
a5 g 3 O
Cpalandy cplci) 3
e il
sl

Tas> Clau
O o) Jig b
iy g A b
Qo sS g8

AU e g g

oSl o

316



ApGhal &, pe i 3y s 5 ) e ldll A ol
¢ guall de pu (b co gumall 3 Jligy i
il @l £

il el S sdal Laglal S
& land L aall

Baaall Ay g ol usuye

1965 Ji s (Al sSH 4 alinnl oSl

1968 Jisi ¢« ) D ¢¢ guall

o b Al 5 &y gall A el S e
Al 5 ) RSl a3

! 3

ol Jsa CSUsSH S ja ¢ SIS (il 58
Ll g 3l Lpdasgrall anliY ¢ s
1962 Ui <AND — 4y jall 4

O g S Al 3 )l da s el 5 i

ol bl

fwb.bfLaLMPn

S ¢ b 5
N T

>

Pt

r.mu..wb ﬂurbb
o (PShas
T

>l nd

a8 ol 5l ¢ U
1896 — 1819 « i b
1930 — 1880 « Ll
1902 — 1821 ¢ Sl

1914 — 1834 « i
1988 = 1918 ¢« S 5l
1984 — 1902 ¢ i
1712 = 1605 ¢ i 3
1564 — 1509 ¢ i b
1804 — 1724 Sl
1630 — 1571 ¢ Sl
1919 — 1832 ¢ 3—iSy
1916 ae Ay ¢ s S
1907 — 1824 ¢ 3l

1878 = 1813 « o—usi b

Pythagore
Fizeau Hippolyte

Wegne Alfred Lothar
Virchow Rudolf

Weizmann August
Feynman Richard
Kastler Alfred
Cassini J. Dominique
Calvin Jean

Kant Emmanuel
Kepler Johannes
Crookes William
Crick Francis
Kelvin Lord
Claude Bernard

G o (a3
Ay 5 Glaid
il jliuls
iiza g3 . (ppmilS
Jasited s
oadld g his
plliy (S 58
Q] 2Ly S
e GAlK

AU 3l

317



SO A8 e eclialiyg 5o 3l

ouadll Jga g g Jga SIS0 A8
oseand N Do ol e Jas

1903 Jisi ¢ A aphal g lady) Gl
1903 dig o SN enlal glady)l Gl
1911 Jiss assishsal ¢ a0l )l

Ol ey il

 Jall il i 92558 3 58

Suaall 3l 5 a0 ¢S ) ja i

1951 Ja g eyl 3l il Jgas

S el Lslimey

sl Qa6 g el g laty)

oS Sl e Gl 3V &y i
elall a5y S 5Y) (3 il cdfinall elaasll
Lol iy paslall il 3y ks

1908 Jssi e} L 5 gudall yy gucll

Y
fhm
alg

Y

=)

ﬂ;&b

ERE

ﬁurb

ERY

rmm 3 r"ﬂrbﬁ.. )
w.:h

b olle

R

1888 —
1543 —
1983 —
1906 —
1934 -

1832 —
1843 —
1779 —
1967 —
1506 —
1887 —
1827 -
1794 -
1829 —

1921 -

1822 ,rw._[ﬂ
1473 « S5
1905 ¢ 3—i<y
1859 ¢ s—uui
1867 ,Mr‘rbuw
1769 ¢ —ui
1792 ¢ i
1728 « g >—isil
1897 « 5 )il
1451 ¢ J—tay
1824 :.w._[ﬂ
1749 ¢ i b
1743 ¢ i
1744 ¢ o—si
1845 ¢ i

Clausius Rudolf
Copernic Nicolas
Koestler Arthur

Curie Pierre

Curie Marie

Cuvier George
Coriolis G. Gaspard
Cook James
Cockeroft Jean
Colomb Christophe

Kirchoff Gustave

Laplace Pierre

Lavoisier Antoine
Lamarck J. Baptiste

Lipmann Gabriel

Cilgd g,y o sasls
¥ 5Sa el g8
H i gs
SIS
TELNTY

Cus Andgs
e E il 53508
o S

G by S o8

i g S a9l oS
il g i gl S
Gga o O
O g A ) oY
Gl .z LY

Juae Olasd

318



1987 Jasi ¢Agy jadl 5 45 531 Jad o
Ll ) pass 3o 2a

1939 Uy il g S (5 jladd) el

1902 Ui s g ey} b dpuhilinadl
iy aaliah (Zy all 5ol

Ldaggall AV

all 8 ALEOU Cluall kil y LiMaa)
Oas¥! sk Aan g gaal o glall s 2l
a1 59 s

Alall Gzl

Ggeall Ao ju Flad2e

Al il Juaill Gl e adiaal pseda
&= i @ all

1909 s ¢ ShU Calizs)

Ll il Ll e g5 il

i Sl Aslae ¢ gusrlalinad jgSH Jial

JERE

Clhas

i

T

b gld

s

e (il
>l

Sy prnb dlle
T

Sl G puld
b (sl (i gl

Shis
>3l s
TRt

1939 e aty ¢ i
1546 — 1483 « Sl
1958 = 1901 ¢ S 5l
1928 — 1853 « g1l
1704 = 1632 «g 35—y
1947 — 1862 « Sl
1716 — 1646 « Sl
1875 = 1797 « 55—y
1778 = 1707 ¢ g3 5
1521 — 1480 « I35
1916 — 1838 (5 slwai
1883 — 1818 « il

1937 — 1874 « JL_lay
1904 — 1830 ¢ ;i j
1879 — 1831 «(5 i<y

Lehn Jean-Marie
Luther Martin
Lawrence Ernste
Lorentz Hendrik
Locke John

Lenard Philippe
Leibniz G. Wilhelm
Lylle Charles

Linné Carl Von
Magellan Frnand

Mach Ernest
Marx Karl

Marconi Guglielmo
Marey Etienne Jules

Maxwell James

gl O O
O gl
o ) il 88
jaia i )l
Qs gyl
b 2 Ul

phgly & mdad

Jdoka g4

Qs JUs A
k.c\sm\rwurvr.
G ) Fla
oS s jla

Sl oo S e
ousdd g Ohind (5t
d5 g Jagusia

319



ol daas il 8 ol ) s
hadaie st Al jualiall Cagias
Sialins g il

1933 b ealbdll die b yakald

Dlosh A didise Ol 58

1965 Jisi ¢ARN I LSy

1907 Jigs A guall 5 302yl 282 Lishh il 50
byl i€l 5 e gl cals
1923 Jigi ¢ g5 gua ,gH Y

1920 Uss iy yalt ¢lasSl

Dhaall 8 oaliadl Cluall codladll 58
(32 76) Agia M 455505 ¢ Jla i
sl A

1925 Jagh et )il g i g 5STYY aoliad

igan ) sal 5 (38l 530) Aslaling 1 5l

Sbai b
e

SR8 b
@5 e
I mru
esS
B

i gl
s

s

@SB (Sl 3 ¢ s
r%m

>l e
s

s

1834 —
1907 —
1874 —
1945 —
1884 —
1976 -
1931 —

1560 —

1953 —

1941 -

1727 -
1742 —
1822 —
1975 —

1894 —

1766 « s I
_wwm_. .ﬁ[bb
_m:.ﬁrlg

1866 ¢« S 5ol
1822 ¢ i jb
1910 ¢ i
1852 " Syl
1497 ¢ Sl
1868 « S 5l
1864 ¢ Sl—li
1642 « 5 3y
1656 « 5 1<
1743 ¢ i jb
1887 ¢ Sl
1857 ¢ Sl

Malthus T. Robert
Mandeleive Dimitri
Mayer Julius

Morgan Thomas Hunt
Mendel Gregor

Monod Jacques

Mechelson Albert
Melonchton Philippe
Millikan Robert

Nernest Walter
Newton [saac
Halley Edmond
Haiiy René
Hertz Gustave

Hertz Heinrich

320



1951 Jass ey 3l Ay
Lbeall pluadU sl o 20

O e celialiall (dga 5aill ¢ guall 4y ki
OsS gLl &5k il jadl)

1937 Jasi ¢ oSl glasy)

O3 Pla skl

1932 Ja sicai@d fage ¢l oS3 Syl
Jinl) g & jaadl g 2yl

Ll jiall (&34 ) ggand) (M ) pal (e Jim
ey 2l 3 Claalise

RIS (SUBe (e

1963 disi ¢inas il jn

1962 Jssi AADN — 4y jall L

1952 asi cdg )alt 3 gl g3

e

orh alle SB (

k) (a8

&b
>

e

TS

> ¢Sl
s e

b olle
>

S

1904 alec 21y xS
1753 = 1635 <5 34
1695 — 1626 « 52—l
1953 — 1889 « <y 5
1964 — 1883 «5 s uusi
1797 = 1726 « g >S4
1976 = 1901 « Ll
1831 = 1770 «

1885 — 1802 « i i
1894 — 1823 ¢

1895 — 1825 ¢ il
1917 ALID .PC F.MLLMW,

1903 sl aly gl )

Herzberg Girard
Hooke Robert
Huygens Christiaan
Hubble Edwin Powell
Hess Victor

Hutton James
Heisenberg Werner
Hégel Friedrich
Hugo Victor
Helmbholtz H. Von
Huxley Thomas
Hoxley Androw
Watson James

Walton Ernst

SR E A
Sy dsa
Olea )S (il 98
Jasr Casdd S
F9 § o b
iy b Jaa m
Qsb —h il gabia
iba g (s g0
3 s g
i () g g

Cawi g} Qo9



EE,FC_.
saal iyl

alb ) AL e et

1978 Jagi ¢0sS S35 GLES) ot 5l
1962 Js 95 <ADN_Y dyiy

$al g laty)

Cary

>
fmbr.bmm_

PPt
>

i

1919 — 1866 (5 st g
1914 — 1834 « i
_ozwn 1834 .clav
1926 Jlc My ¢ Sl
1916 o Ay g5

1928 — 1864 ..C.._[ﬂ

Werner Alfréd

Weisman August

il iy

G of ey

Walras Léon Qs ol Ay
Wilson Robert Sy Gy
Wilkins Maurice Ouiga —isly
Wein Wilhelm pllis O

. Qdadia

322



o el |

e Laf cilgall <
6 Lay ejuﬂ 23
T e ul,.dt d—adha
0 e a2 Jiall pali
13 e, allal) Uik @) 3 11 Guadl) O
14 . zeamsall sl U8 A5 400 Ao Ay il T e
16 e A i b |
18 e, faaslall 5,0
2l e ALl S Ll
22 Alaie 31 s 1l sall aca
2 sl e gl
28 e, A A il e Jadll 040
20 e ke “paaa
30 e el g dde
31 e, sl 5 4 i)l el Y|
34 e <l sl
3 Lee! il 5 3aLdl
3T s aluatf) da ghs 12 Juadll O
37 e, ol Aday il 3 S
38 e, Al L iy e



A3 e PRV PR P B
A e adadll i
A8 e & giaall (gl (g
B e SLilSaal
56 ey (e B dll
58 CPapd e La
59 e, L8 € Cluae g dgnia Ll
67 e s gall 13 Juadll O
68 e, 4 gall Ay dade
T e Clasun 5 la g
T3 e, sV g e
T6 e, gl  and = Ladl +
80 e Jsad ol
Bl o lagiuy!
B4 e o130 paall Cpuadl) daif
86 e, ¢ guall de
88 o N
01 Ay ) Gl :4 Juadll O
0 s asaiy ) S
93 e SBU A I B1Y1 (gl il
07 e, sl el 5 oS 108! o< AS ja
100 oo, & iy Jf
101 o iy o



TOB ettt e
109 oo agiladll Ul el Aigaa
T et asaill Cigiual
115 et <) jadll
116 oo el el Y Al
117 oo s Al b ()8
121 e, S s jal) — BB s 15 Juadl) O
122 e, Jaal
123 e, Gl Y 53 5al
126 e, 3 jlagdl Ay
127 e Laelal
128 e, laaliyd ga s
129 o, elaasSl U solall Zgdalal) 28l (e
131 oo fadlall e oo Lo
133 oo, s LSl Liall o34 :6 Juaill O
135 e LRI toR
138 oo O3Sy
140 oo, FIWBAET
144 o, 5 il Jia
146 oo Lpnalinal LS
149 ool Aphling ,SH 4 ,lail
151 e &Ll



dacluall 3, Al cilales y duudaling <
S Y1 Adland 1 Jlaa ) cila gie

........................................................... -

ol jall g <l Al Baad & ddalaall 17 Juadll O

LAY cilua

............................... moall aidl _ VLAY e
................................................ clieYl e il o)
............... Ll 5 A o Lal) 52 b CYLGRY) Clsa
.............................................. el A8l & kil

Al clidlad) ol

GUlall Ao G ) gale (g3a) A

......................................... 5 IS — i) el



...................................................

da )l dLa)

..................................................... lasll Y 53 sl

Gl ey < 3



258 (1882 — 1809) (s> JuLs
260 o 2, e
265 e da gl gn & ik
266 oo, Aa ol g "33 (Aulal
268 e el sl
270 ) G e jriaa sliad g b ja Jare cdlad
274 o, Jaill ) U Sl e
279 e Ohgall m 2 M 11 Juall O
281 e, say! J<a
287 e, oAy A s
280 Ol SO ) g0
200 e, ¢l
202 e syl A
203 e e Y
205 e, sa ) e
299 e ASaaliall (Y
303 e oa ) — alaall
304 o L
305 o > shea dale Lyl
307 e P EX
pgb—in g b€l b ab slad 590 plalal) paly Gale
309 e, agaliLaas] g agolualiata) g
323 e gl



Sl ol 6 Juueki

padd (e JS AbalSia ACa g Jy Aaale liSl 13A ey
gall goal oludy e AR Gl 4 LAl 3 jaliall
ARl S Ll Apalall G lady) f S Us s copdally
@l paliall 0dgd Al Al Al Galud) cadde) Aaus
plodiul o Ty Aaliall Lualal clLESY) sia ) @l 3
QS Al cAgalal) 79y ABAll Al (gd cbpal ) Al
asiall O gaan asandl Jaa ga ondly A S £ galall L L)
o — il L ol lgdgmbay ¥ il il 3 Ly
(s jlaal) 238 ) (pa Ag KA BANL — Lgd gau jlay cpdll il g
L e dld el gl Wislaw alially g

N et Amala A oSGud il agls e il
1986 ale 5688 Bla o Juas owb B (Aalad)
589 <1994 ale i ) Al Sganl) S gl Al Aol
A Y A gl Ay A i) aglall dpailsl g
e ) A A D 399 cAiliay ) ASlall Amand)

DS ((Bdad daala (B ] (Pl 2l ggd an i) L
o b b b (A L Aaalad) (e L glgaad) B A0
alal) Gl | L alad) Gagdly gueoal ) L)
el SlsH) — Al A B ed (B daala G )
s Jary bagloall sSaigdl B ) md el daalal
) Al g0 SN 2 Tempus 2o deal) aniiil :Lm,.\lsi
Cllaa B 4y Sa g Asalal) cilaabual) g pal il g lilpal) (e
cAgalle 5 Ayl g Cliagg

Fayard

France - Paris




	قليل من العلم للجميع لـ كلود أليغر
	1 - الذرات مفتاح العالم
	2 - سقوط الأجسام
	3 - الضوء
	4 - المثلثات السحرية
	5 - سر الطاقة : المرحلة الأولى
	6 - هذه الجنية : الكهرباء
	7 - المصادفة في نجدة الذرات والجزيئات
	8 - الثورة الذرية
	9 - كل شيئ نسبي
	10 - أسرار الحياة
	11 - الأرض - الموطن
	12 - الخاتمة
	.. الفهرس ..




